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EXECUTIVE SUMMARY 

TRW conducted site characterization work at Volunteer Army Ammunition Plant 
(VAAP) in April and May of 1995, collecting soil phase nitroaromatic contaminant data, 
then used this data to delineate areas where soil contaminant concentrations and volumes 
are sufficient to support demonstrations of innovative environmental technology 
demonstrations. Of the six sites where TRW extracted samples, four sites have sufficient 
soil concentrations and volumes to support demonstrations, the remaining two sites are 
inconclusive due to low sampling density. 

TRW used conventional drilling with a hollow stem auger and split spoon to take discrete 
soil samples, every 5 feet, down to the water table or a maximum depth of 27 feet. 
Samples were analyzed for nitroaromatic explosives using a modified EPA method 8330, 
which calls for High Performance Liquid Chromatography (HPLC). This HPLC method 
identified the concentrations of the following analytes: 1,3,5-trinitrobenzene (135TNB); 
2,4,6-trinitrotoluene (246TNT); 2,4-dinitrotoluene (24DNT); 2,6-dinitrotoluene 
(26DNT); 2-amino-4,6-dinitrotoluene (2A46DNT); 4-amino-2,6-dinitrotoluene 
(4A26DNT); and 3-nitrotoluene (3NT). 

The batch process manufacturing of 246TNT at VAAP over the 36 years of production 
resulted in various types of environmental releases: daily washout of production houses, 
tank leaks, drown tank overflows, etc. The batch manufacturing process consisted of 
stepwise acid nitration of toluene and, therefore, the contaminants found at TRW's six 
characterization sites correspond partially to the process lines associated with increasing 
nitration. TRW's site 4 with both the largest soil volume contaminated with 24DNT (263 
yd ) and the largest volume of soil contaminated with all measured analytes (199 yd3), 
was the acid fume recovery building for waste acid. 135TNB and 246TNT have volumes 
of 121 yd3 and 113 yd3 respectively at TRW site 2 (the wash house) where the TNT was 
washed at the end of the batch process to remove impurities. TRW site 3 (the bi-house) 
where the second acid nitration took place, has soil contaminated with 26DNT (104 yd3). 

Groundwater analyses done by another contractor, as part of the VAAP Remedial 
Investigation effort show relatively uniform concentrations of nitroaromatic explosives 
and metals. This groundwater data was obtained from monitoring wells in the residuum 
and the bedrock. 

Unlike the concentrations found in groundwater, the discrete soil sampling at VAAP 
indicated large lateral and vertical variations in concentrations, including very high 
concentrations followed by "no hits" (below threshold values). This discontinuity of 
analyte concentrations may be important to demonstrators which require specific 
minimum, maximum, or constant concentrations. Demonstrators should evaluate soil 
concentration data in detail for demonstration sites of particular interest. Large 
variations in concentrations may result from either point source leaks, such as tanks, or 
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variations in soil permeability (matrix or fracture flow), and therefore, preferential flow 
and transport, or a combination of the two. 

in 



1.0 INTRODUCTION 

This report presents the Volunteer Army Ammunition Plant (VAAP) Demonstration Site 
Manager and Principle Investigators with site characterization information necessary to 
locate and begin appropriate field demonstrations of innovative environmental cleanup 
technologies at VAAP. Newly collected VAAP site characterization data consisting of 
hollow-stem auger drilling data, soil contaminant chemistry data, as well as data from 
previous published sources constitutes the bulk of this report. 

1.1       Location 

The VAAP is a Government-owned and contractor-operated (GOCO) facility for the 
production and storage of trinitrotoluene (TNT). The VAAP is located in Hamilton 
County in Southeastern Tennessee just outside of the city of Chattanooga. Construction 
began at VAAP in 1941 and in 1977 the plant was placed on inactive status. During the 
36 years between, the VAAP produced an estimated 2.8 billion pounds of TNT for World 
War II, and the Korean and Vietnam Conflicts. The Test Demonstration Area is 
comprised of the following sections: the Old TNT Area, the New TNT Area, the 
Redwater Treatment Plant, and the World War II Burning Ground and Landfill. Figure 
1.1 shows the sections of the Test Demonstration Area on a generalized map of the 
VAAP. 

TNT was produced in the TNT Manufacturing Valley which is located in the western part 
of the facility. The TNT Manufacturing Valley consists of the Old TNT Area to the north 
and the New TNT Area to the south. The Old TNT Area is now inoperable, while the 
New TNT Area could be used in the future. North and east, respectively, of the TNT 
Manufacturing Valley are the Redwater Treatment Plant and the World War II Burning 
Ground and Landfill. Both of these facilities are also inoperable. 

1.2 SERDP and NETTS 

Now, the Strategic Environmental Research and Development Program (SERDP) intends 
to use the Old TNT Area at VAAP (Figure 1.1) to run environmental cleanup technology 
demonstrations under the National Environmental Technology Test Site (NETTS) 
Program, formerly known as the DOD/National Environmental Technology 
Demonstration Program (D/NETDP). Congress established SERDP to improve 
Department of Defense (DOD) interservice and U.S. Environmental Protection Agency 
(EPA) cooperation and resource utilization effectiveness in developing technologies for 
clean up of contaminated military sites. Funded by SERDP, the NETTS facilitates the 
demonstration, evaluation, and transfer of cost-effective and innovative technologies 
from research-and-development stages to commercial use. Within this program, each 
service has focused areas for research, development, and demonstration: the Army has 
responsibility for projects related to energetics and heavy metals contamination; the 
Navy, petroleum, oils, and lubricants contamination; and the Air Force, solvents 
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contamination. In addition, EPA has focused on in situ bioremediation of organic 
contaminants. 

The test program at each of these NETTS locations will obtain realistic environmental 
and economic information which may be extrapolated on a nation wide basis to support 
the adoption and use of the more cost-effective and high-performance technologies. 
VAAP is one of two Army demonstration sites designed to demonstrate and evaluate 
explosives cleanup technologies with regard to cost and performance. The data on the 
second Army site, the Louisiana Army Ammunition Plant, will be collected in 1996 and 
published separately. Table 1.1 displays a summary of the characteristics of the NETTS 
test facilities. 

1.3      Site Characterization at VAAP 

The field collection effort of the site characterization documented here took place over 5 
weeks in the Old TNT Area (Figure 1.1). The boreholes were drilled using a hollow-stem 
auger and the samples collected using a split-spoon following ASTM D-1586 standards 
for disturbed sampling. For details on the sampling procedures see Section 3.2 and the 
Workplans (TRW, 1995). 

After field collection, soil samples were analyzed for the presence of nitroaromatic 
explosives. Samples were analyzed following EPA modified method 8330 (see Section 
3.3 ). Method 8330 describes the sample preparation and use of the High Performance 
Liquid Chromatography (HPLC). The HPLC was used to identify soil concentrations of 
2,4,6 trinitrotoluene (246TNT); 1,3,5 trinitrobenzene (135TNB); 2,4 dinitrotoluene 
(24DNT); 2,6 dinitrotoluene (26DNT); 2 amino 4,6 dinitrotoluene (2a46DNT); 4 amino 
2,6 dinitrotoluene (4cc26DNT); 2 nitrotoluene (2NT); 4 nitrotoluene (4NT); and 3 
nitrotoluene (3NT). The analytes of principal concern were 135TNB, 246TNT, 24DNT, 
and 26DNT. Analytes are identified based on a graph of the retention peaks as they pass 
through the column. The areas on the graph under the retention peaks are integrated to 
provide a quantitative concentration. Appropriate quality assurance and data 
management practices were followed (see Section 3.1 and the Workplans (TRW, 1995)). 

1.4 Report Scope 

This report mainly describes TRW's activities in one small portion of the VAAP Test 
Demonstration Area, the Old TNT Area (Figure 1.1). TRW's field and laboratory 
activities focused on defining significant areas of soil contamination in two of sixteen 
lines in the Old TNT Area (Batch Lines 4 and 5) where technology demonstrations can be 
effectively performed and conducted. This report does not prescribe a remedy for soil 
contamination at VAAP, nor does it characterize the entire facility. There have been 
other contractors who have done various types of investigative work at other areas of 
VAAP and in the test demonstration area. A facility wide Remedial Investigation / 
Feasibility Study (RI/FS) has been completed for VAAP (USAEC, 1995). This RI/FS is 
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the most complete work done on the entire facility and should be consulted by 
demonstrators for additional data. Selected information from the RI/FS may affect the 
placement of environmental demonstrations and is therefore summarized in this report. 

The remainder of the document is organized as follows: 

Chapter 2 - Site Description 
Chapter 3 - Methodology 
Chapter 4 - Summary of Results 
Chapter 5 - Discussion & Conclusion 
Chapter 6 - References 
Appendix A - Site Diagrams 
Appendix B - Methodology 
Appendix C - Soil Volume Models 
Appendix D - Chart of Chemistry Data 
Appendix E - Grain Analysis and Clay Mineralogy 
Appendix F - Boring Logs 
Appendix G - Survey Data 
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2.0 SITE DESCRIPTION 

2.1       Site History 

VAAP is a Government-owned and contractor-operated (GOCO) facility for the production 
and storage of trinitrotoluene (TNT). Originally known as the Volunteer Ordinance Works, 
the VAAP was built by the U.S. Army Corps of Engineers between 1941 and 1943. The 
facilities originally included the North and South Acid Area, and the Old TNT 
Manufacturing facility. During this time, 16 TNT Batch Lines were constructed. 

From July 1942 to August 1945, the Hercules Powder Company of Wilmington, Delaware 
acted as the contractor. Approximately 823 million pounds of TNT were produced at the 
installation for use during World War II. In January 1946, the plant was placed on standby 
status. 

From June 1952 to March 1957 operations were reinstated to meet the needs of the Korean 
Conflict. The operator-contractor was Atlas Chemical Industries (currently II Americas, 
Inc.), which produced an estimated 284 million pounds of TNT at the plant. During this 
period, the first Army studies were undertaken to examine methods of pollution control. 
The operations of the plant were deactivated before pollution control strategies could be 
implemented. 

From March 1957 to September 1965, the plant was again placed on standby status and 
subsequently placed under protective surveillance of Atlas Chemical Industries. From 1959 
to 1960, Lines 7 through 12 were dismantled, leaving 10 batch lines. 

During the stop in TNT production at the plant, between the Korean and Vietnamese 
conflicts, considerable residential development occurred in the area North of the plant 
boundaries, to the Tennessee River and Lake Chickamauga. In 1962 CF Industries (CFI) 
leased an area of land on the western portion of the TNT Manufacturing Valley to produce 
commercial ammonium nitrate, fertilizer (urea), and related products. This tract of land 
became known as the CFI Lease Area. In the first year of operation, an ammonia plant was 
constructed and two existing nitric acid plants were used to provide raw materials for 
ammonium nitrate production. A urea plant was put into operations for fertilizer production 
in 1963, and the capacity of the ammonia plant doubled. 

The Army reactivated TNT Production on October 1,1965, in support of the Vietnam 
Conflict, under a contract with Atlas Chemical Industries, Inc. The plant was renamed the 
Volunteer Army Ammunition Plant at the time of this reactivation. At this same time in 
1965, the Army reclaimed the use of all the existing acid production equipment in the CFI 
Lease Area to increase its nitric acid capacity. CFI constructed an additional acid plant for 
the Army close to the existing acid plant to produce commercial products and nitric acid for 
VAAP during the Vietnam Conflict. In 1976, an industrial wastewater system was put into 
operation by CFI. In 1969, the present burning ground was established, which served as an 
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open burning area. This area also included a sanitary landfill for the disposal of trash, 
building rubble, and ash from the thermally treated (burned) off-spec materials. Both the 
burning ground and sanitary landfill (referred to as the "new" sanitary landfill) are inactive 
and are pending closure under RCRA requirements. 

In June 1971, the New Acid Area was completed. The area included Direct Strong Nitric 
(DSN), Ammonia Oxidation Process (AOP), and Sulfuric Acid Regeneration facilities. 

From 1971 to July 1974, six production lines were modernized via the installation of the 
continuous process in the New TNT Area. The New TNT Area is south of Old Batch Line 
6 and in the same area where Old Batch Lines 7 through 10 were located before being 
demolished (see Figure 1.1). The continuous TNT line was operated from November 1974 
to March 1977. During this time, a total of approximately 60 million pounds of TNT were 
produced by the New TNT lines. Nitration operations using the old batch TNT lines were 
terminated in January 1975. These 10 remaining old batch lines produced 1.688 billion 
pounds of TNT during the Vietnam Conflict. Remaining VAAP TNT production 
operations ceased in March 1977. Also during 1977, Atlas Chemical Industries changed its 
name to ICI Americas, Inc. The plant was placed on inactive status. At present, there is no 
TNT being stored at VAAP. Production at the CFI facilities terminated in 1982, and during 
1985 and 1986 all of the CFI production facilities were dismantled for salvage. Old TNT 
Batch Lines 13-16 were demolished in 1983. There are currently plans being developed for 
the removal of Batch Lines 1-6. 

2.2 Site Location 

VAAP is a 6,681-acre site located in eastern Hamilton County, Tennessee, approximately 
10 miles northeast of the Chattanooga, Tennessee central business district. Hamilton 
County covered 539 square miles with a population of 285,536 in 1990. Principal 
economic activities in the area involve those related to business services, manufacturing, 
and retail sales. The surrounding area of Hamilton County and Chattanooga have grown to 
include development residential, commercial, and industrial facilities in the vicinity of 
VAAP. 

The Old TNT Area consists of Batch Lines 1 through 16 and covers approximately 330 
acres. Currently only Batch Lines 1 through 6 still remain. A fire caused major damage 
to Batch Line 3 in 1969 and the line was demolished in 1982 and 1983. The majority of 
the remedial investigation work on the Old TNT Area has been performed on Batch Lines 
1 through 6. TRW's site characterization effort, this report; investigated contaminates 
around Batch Lines 4 and 5 in the Old TNT Area. 

2.3 Process Description 

There were two processes used in the production of TNT at VAAP. A batch process was 
used in the Old TNT Area. A continuous process was used in the New TNT Area. In a 

2-2 



batch process, production begins each time by measuring out a discrete quantity of 
toluene. In the continuous process, toluene is continually pumped at a set rate. Since 
TRW's site characterization effort investigated soil contaminates in the Old TNT Area, 
only the batch process is described in this section. 

The production facilities in the Old TNT Area consisted of 16 batch lines. The Batch 
Lines are numbered sequentially from North to South. Figure 2.1 shows two batch lines 
to illustrate the batch process used at VAAP for the production of TNT. Each Batch Line 
had a mononitration house (mono-house, Buildings 801-1 to 16), a binitration house (bi- 
house; Buildings 803-1 to 16), a trinitration house (tri-house; Building 802-1 to 16), and 
the wash house (Building 806-1 to 16). Pairs of Batch Lines shared a toluene day tank 
(Buildings 818-1 to 8), an acid fume recovery unit (Buildings 812-1 to 8), and a case 
house (Buildings 808-1 to 8). Each of the buildings within a Batch Line and the shared 
buildings are connected by a network of overhead pipes and surface ditches. Non- 
sparking lead based floor liners were used for corrosion resistance. Wooden berms filled 
with soil were used for fire and explosion protection and shielding at the tri-houses and 
wash houses. 

The mono-house received the starting material, toluene, from a day tank located in 
Buildings 818-1 to 8. The production process begins with mononitration of toluene in the 
mono-house tank using nitric acid. During this process excess nitric acid is recovered 
and sent to the acid fume recovery unit (Buildings 812-1 to 8). The mononitrotoluene is 
pumped to the tank in the bi-house where it undergoes the second nitration to form 2,4 
and 2,6 dinitrotoluene. The dinitrotoluene then is pumped into the tri-house tank where a 
third nitration takes place to yield the final product 2,4,6 trinitrotoluene. The crude 
trinitrotoluene is sent to the wash house where the slurry of molten trinitrotoluene is 
water washed and neutralized with a sodium carbonate solution and treated with sellite 
(sodium sulfite) to dissolve the TNT impurities. The purified TNT is dried, flaked, and 
packaged and sent to the case house (Buildings 812-1 to 8) for final packaging while the 
red waste water is discharged into a flume network via gravity to the Red Water 
Treatment Plant area. All of the buildings are rectangular or square, measuring 
approximately 40 to 50 feet on a side. 

Near the mono-, bi-, and tri-houses are drown tanks. These large tanks of water would 
stop the reaction if the mixture was dumped into them in an emergency situation. The 
mono-, and tri-house drown tanks were above ground and outside the buildings. The bi- 
house drown tanks were set in the soil and were located outside on the southwestern 
corner of the building. 

Next to each tri-house was a limestone-lined acid pit. The acid pit collected spills and 
runoff from the tri-house. The acid pit was dug into the residuum and was located south 
and east of the tri-house. Presently, these pits have been graded level and filled in with 
soil to the surface (USAEC, 1995). 
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2.4      Geology 

The physiographic location of VAAP is within the Appalachian Valley and Ridge 
Province. This Province is made of faulted and folded Paleozoic sedimentary rocks. The 
bedrock underlying the contaminated soils at VAAP are carbonate in composition. 

The major stratigraphic units that lie beneath the VAAP are the Cambrian Conasauga 
Group and the Upper Cambrian/Lower Ordovician Knox Group. The Conasauga Group 
has two mappable formations: the Conasauga Shale (undivided) and the Maynardville 
Limestone. The Knox Group has four formations, but only two are mappable at VAAP: 
the Copper Ridge Dolomite and the Chepultepec Dolomite. Figure 2.2 shows a 
generalized geologic map of VAAP. The Test Demonstration area has been highlighted. 

The Copper Ridge Dolomite ((Ca, Mg) C03) forms the bedrock underlying the Old TNT 
Area. The Copper Ridge Dolomite has a total thickness of approximately 980 feet 
(Tennessee Division of Geology, 1979). Under the demonstration area, the Copper Ridge 
Dolomite has a deeply weathered residuum that averages greater than 100 feet thick. The 
residuum is found throughout the area and contains large amounts of chert fragments, 
nodules, and remnant layers of the bedrock. During the field investigative phase of the 
VAAP RI/FS work, drilling extended into the bedrock and it was reported that the Copper 
Ridge Dolomite was dark gray, medium to coarsely crystalline dolomitic limestone with 
light to medium gray and tan, fine- to medium-grained dolomite (USAEC, 1995). 

A northeast plunging syncline (a fold in the bedrock) underlies the TNT Manufacturing 
Valley. The axis of the syncline is along the Central TNT Manufacturing Valley. This 
syncline is important for two reasons. First, it controls the local regional groundwater 
flow, both in their rates and direction. Density of fractures and dissolution features 
locally influence rate of groundwater flow (see section 2.6). Second, faults associated 
with the syncline influence bedrock dissolution and karst geology. The TNT 
Manufacturing Valley has several karst features including sinkholes and springs. The 
RI/FS report states that the sinkhole development is most influenced by compressional 
features and lithologic contacts. The compressional features are folds and fault planes 
and the lithologic contacts are within and between carbonate and noncarbonate rock 
strata. The sinkholes observed are within the dolomites of the Knox Group and are along 
the syncline axis. At depth, there are dissolution cavities in the limestones and shales of 
the Conasauga Group (USAEC, 1995). 

2.5       Soil 

The RI/FS classified the soil types found in the TNT Manufacturing Valley soil horizon 
as Arents, Fullerton, and Dewey (USAEC, 1995). The most prevalent type of soil is the 
Arents series. Soils that do not follow a natural classification due to being mixed and 
disturbed comprise the Arents series. (USDA, 1982). 
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The residuum within the TNT Manufacturing Valley is generally a fractured clay matrix 
with trace amounts of silt and sand and low organic content. Clay type, clay percentage, 
and total organic content (TOC) are important parameters that influence the amount of 
explosives/analytes retained in the soil. The particle size distributions observed by TRW 
during its site investigation in the Old TNT Area were typically: sand 10%, silt 35%, and 
clay 55%. The major clay mineral present is kaolinite with lesser amounts of vermiculite 
and quartz. There is further information on grain size distribution and clay mineralogy in 
Appendix E. The residuum thickness varies considerably and laterally across the TNT 
Manufacturing Valley. In the limited areas where TRW performed its site investigation, 
the residuum thickness was greater than 27 feet. The RI/FS report states that in the Old 
TNT Area around Batch Lines 1 through 6 the average residuum thickness is between 25 
and 43 feet (USAEC, 1995). The majority of natural organic material is found within 3 
feet of the surface and tests for TOC were predominately below the detection limit of 
1,000 fig/g. The fractures are thought to be formed by a combination of desiccation and 
root openings. Clay permeabilities recorded during the RI/FS investigation from field 
sampling (shelby tubes and grab samples) are on the order of 10" in/s (10   cm/s) to 10" 
in/s (10"? cm/s) (USAEC, 1995). See Sections 2.6 and 4.2 for in situ measurements of 
hydraulic conductivities for selected individual bedrock and residuum wells. 

2.6      Hydrogeology 

The hydrogeology of the TNT Manufacturing Valley is affected by many factors 
including topography, stratigraphy and structure. The groundwater in the Old TNT Area 
flows from the flanks into and parallel to the syncline axis towards the north. The 
groundwater flow generally follows the surface topography of the Old TNT Area. The 
ridges on either side of the TNT Manufacturing Valley act as groundwater basin divides. 
Between the Old TNT Area and the New TNT Area, just south of Batch Line 6 is a low- 
relief topographic high. This topographic high is nearly in the same position as an 
observed groundwater divide (USAEC, 1995). The monitoring wells in the vicinity of 
the Old TNT Area, New TNT Area, Redwater Treatment Plant, and WWII Burning 
Ground and Landfill are listed, respectively, in Tables 2.1,2.2,2.3, and 2.4. 

Residuum wells are not likely to yield high volumes of water due to the silty clay 
lithologies. The RI/FS investigation yielded a wide range of hydraulic conductivities for 
the residuum. In situ slug tests for residuum wells generally had a greater range of 
hydraulic conductivities than the laboratory clay permeability results. The residuum well 
hydraulic conductivity ranges were from 10"4 to 10"7 cm/s versus the clay permeability 

7 0 
ranges of 10" to 10" cm/s. The higher than expected hydraulic conductivity values in 
certain areas may be the result of secondary porosity from fractures and root pores in the 
residuum (USAEC, 1995). 
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2.7      Climate 

The VAAP has a moderate climate with cool winters and warm summers. The average 
annual temperature is 60.4°F (15.8°C). The growing season averages 228 days. The first 
frost usually happens between October 27 and November 9, and the last frost happening 
between March 26 and April 12. Half the winter days fall below the freezing point. 
Demonstrators should consider their requirements for liquid water before attempting 
winter demonstrations. Summer highs are generally the high 80s to low 90s °F with high 
relative humidity. Temperatures of 100°F (37.8°C) or greater are unusual, but have 
occurred (USATHAMA, 1978). 

The average annual precipitation is 53.46 inches. The precipitation is evenly distributed 
throughout the year with peaks from winter storms and summer thunderstorms. The 
average wind-speed is 6.1 miles per hour, but calm readings are registered nearly one- 
quarter of the year. The prevailing wind direction parallels the TNT Manufacturing 
Valley from south to north (USATHAMA, 1978). 
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Table 2.1 Old TNT Area (Batch Lines 1-6,13-16) Monitoring Wells 

Monitoring Well Location Well Type Total Depth (ft.) Installation 

28 W. TNT Road, 1&2 Road residuum 23.3 MCI 

29 N. of 806-13, Sterchi Road residuum 46.4 MCI 
37 S. of 806-6 bedrock 52.25 Battelle 

39 S. 801-4, N.2&3 Road bedrock 65.85 Battelle 

40 S. 801-4 residuum 21.29 Battelle 
48 812-3 bedrock 155 Weston 

49 N. 803-1 bedrock 96 Weston 
50 806-4 (Wash House) bedrock 142 Weston 
53 807-3, E. TNT Ditch bedrock 144 Weston 
54 812-1 bedrock 80 Weston 
56 Sterchi Rd., E TNT Rd. bedrock 140 Weston 
65 801-4 residuum 41 IT Corp. 
66 803-4 (Bi House) residuum 40 IT Corp. 
67 812-2 (AFR for Lines 3&4) residuum 30 IT Corp. 
69 802-4 (Tri House) residuum 48 IT Corp. 
77 801-6 bedrock 38 IT Corp. 
78 806-6 residuum 30.5 IT Corp. 
79 801-3 residuum 33.5 IT Corp. 
80 806-2 residuum 35 IT Corp. 
81 803-1 residuum 40 IT Corp. 
92 812-7 residuum 40 IT Corp. 
94 802-13 residuum 55 IT Corp. 
95 803-16 residuum 50 IT Corp. 
96 803-15 residuum 40 IT Corp. 

2-9 



Table 2.2 New TNT Area Monitoring Wells 

Monitoring Well Location Well Type Total Depth (ft.) Installation 
M07 W. 520-6 bedrock 88 Weston 
25 NW. 819-10 residuum 59.1 MCI 
51 S. of New Line 6 bedrock 175 Weston 
82 E. of New Line 6 resid.faed. 55 IT Corp. 
83 810-D residuum 30.5 IT Corp. 
85 between New Lines 4 & 5 bedrock 55 IT Corp. 
88 W. of New Line 1 residuum 50 IT Corp. 
89 S. of New Line 6 residuum 40 IT Corp. 
90 S. of New Line 6 residuum 36 IT Corp. 
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Table 2.3 Redwater Treatment Plant Area Monitoring Wells 

Monitoring Well Location Well Type Total Depth (ft.) Installation 

84 N. of836 resid./bed. 50 IT Corp. 
86 N. of837 residuum 22 IT Corp. 
91 816-3 residuum 22 IT Corp. 
110 E. of816 residuum 30 IT Corp. 
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Table 2.4 World War II Burning Ground and Landfill Area Monitoring Wells 

Monitoring Well Location Well Type Total Depth (ft.) Installation 
32 S. Landfill area residuum 37.5 Harmon 
33 S. TNT Mag. Connecting Rd. residuum 33 Harmon 
41 S. TNT Mag. Connecting Rd. bedrock 105 Battelle 
97 W. Landfill area residuum 30 IT Corp. 
100 S. Burning Ground area residuum 22 IT Corp. 
105 N. Burning Ground area residuum 25 IT Corp. 
106 N. Burning Ground area residuum 25 IT Corp. 
107 S. Landfill area residuum 23 IT Corp. 
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3.0      METHODOLOGY 

3.1       Quality Assurance 

The Quality Assurance Project Plan (QAPP) defined the procedures that were used in the 
execution of the site characterization work done at sites selected by the US Army 
Environmental Center (USAEC) at the Volunteer Army Ammunitions Plant (VAAP) in 
Tennessee. The procedures followed the guidelines prescribed by the USAEC quality 
assurance program (USATHAMA, January, 1990) in order to achieve the data quality 
objectives specified below. 

Data Quality Objectives 

The data quality objectives incorporate five parameters: accuracy, precision, 
completeness, representativeness and comparability. Accuracy and precision of collecting 
samples from the field are an essential part of the data quality objectives. They address 
concerns about where the explosive contaminants are located based on the topography, 
geological make-up of the soil and the hot spots on the site known from the history of 
VAAP. Accuracy and precision of the data are also achieved in the laboratory by running 
samples against standards of known concentrations and by measuring a spike recovery. 
The total accuracy and precision of the measurement process leading from sample 
collection through data reporting is addressed in the sampling plan and in the laboratory 
QA plan. Representativeness is part of the sample collection scheme designed to ensure 
that results reflect the characteristics of the selected site as the whole. Completeness is a 
criterion that determines that the number of samples collected is sufficient to validate the 
characteristic of the site. Finally the sampling program and analysis must be consistent 
with previous work in order to maintain comparability with previous studies, such as the 
VAAP RI/FS report. 

The five parameters specified to meet the quality objectives were implemented in the 
sampling and the laboratory quality assurance plans. These plans followed the guidelines 
specified in the U.S. Army Toxic and Hazardous Materials Agency Quality Assurance 
Program (USATHAMA, January, 1990). 

As part of the requirements to meet the data quality objectives for the laboratory 
analytical work, a validation process (USATHAMA, January, 1990) was undertaken to 
provide a means of evaluating laboratory performance. The laboratory must demonstrate 
the ability to perform the Method 8330 for specific explosive compounds: 1,3,5- 
trinitrobenzene, 2,4,6-trinitrotoluene, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2a,4,6- 
dimtrotoluene, 4a,2,6-dinitrotoluene, and 3-nitrotoluene. 2-nitrotoluene and 4- 
nitrotoluene were not primary parameters of interest in this study. In addition they 
coelute on both analytical and confirmation columns and therefore are indistinguishable. 
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3.2      Sampling 

The field collection for TRW's site characterization efforts took place over 5 weeks at 6 
sites in the Old TNT Area. Table 3.1 lists these sites and locations for TRW's drilling 
efforts as well as selected previous RI/FS boreholes in the area. Figure 3.1 shows the 
locations of TRW's site characterization efforts. TRW boreholes are assigned a unique 
identifier formed from the previous RI/FS soil boring in the area where significant 
contamination was found, plus a unique alphabetical designator. A total of 60 new 
boreholes were drilled during TRW's investigation in the 6 areas. Sites 1,2, 3, and 4 
have a sufficient sample set to draw preliminary conclusions with regard to contaminated 
soil volumes. Sites 5 and 6 have very few samples and no definitive conclusions can be 
made. 

The boreholes were drilled using a hollow-stem auger and the samples were then 
collected using a split-spoon following ASTM D-1586 (Standard Method for Penetration 
Test and Split Barrel Sampling of Soils). Each borehole was drilled to a maximum depth 
of 25 feet, or point of refusal, or evidence of the water table. The boreholes were drilled 
by a Mobile B56 ATV Auger Rig using a 6-inch O.D., 3 3/8-inch I.D., hollow stem 
auger. The samples were collected using a 24 inch, 2 inch O.D, 1.5 inch I.D. split spoon. 
Because no tests were being performed for metals contamination, carbon steel split 
spoons were used. All split spoons and downhole boring equipment were 
decontaminated before reuse, according to the procedures in the Work Plans. 

In support of TRW, Geotek Drilling Company performed 1,365 linear feet of drilling 
from April 19 to May 20,1995 (31 days). 336 split-spoon samples were collected and 
subsequently analyzed for nitroaromatic compounds. Detailed boring logs were collected 
and are included in Appendix F. Generalized site diagrams are included in Appendix A. 
The exact location of boreholes were recorded using traditional survey methods and are 
included in Appendix G. 

Table 3.1 TRW Site Locations 
TRW Site Number Previous Soil Borings (RI/FS) Location (Building) 

1 SB04 802-4 
2 SB13 806-4 
3 SB02 803-4 
4 SB08 812-2 
5 SB27 803-5 
6 — 802-5 
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3.3       Chemical Analysis 

Two chemical methods were used to guide drilling operations and delineate the extent of 
soil contamination. The first chemical analysis method was a quick colorimetric 
screening method. The second was high pressure liquid chromatography. 

Analysis of DNT and TNT by Wet Method (Quick Screening Method) 

The soil taken from the bore holes was screened for explosive compounds using the field 
method. The field method was developed at the direction of the Environmental 
Technology Division, U.S. Army Environmental Center (USATHAMA, 1990). The 
method calls for a reaction of trinitrotoluene (TNT) with sodium hydroxide to form a 
stable and highly colored complex which absorbs light at 540 ran. The level of TNT can 
be estimated by visual comparison of the color intensity to standards or by measuring the 
absorbance at 540 nm. The detection limit is determined to be at 1 mg/L for TNT. The 
level of TNT of concern in this a study is 100 mg/L, a level well above the detection limit 
of the colorimetric method which is sufficiently sensitive for field use. The method 
provides a quick means for detecting TNT levels in soil from the field. 

HPLC Method for the Determination of Explosives (Method 8330) 

The analytical method used in the determination of nitroaromatic explosives found at 
designated areas of VAAP makes use of high pressure liquid chromatography (HPLC). 
The method follows closely the guidelines of the EPA SW 846 Method 8330 (USEPA, 
1994) and includes some appropriate changes to minimize time for sample preparation. 
A C-8 reversed phase column is used to improve efficiency in separation of the chemical 
components. 

Sample preparation: The soil samples are dried in an oven at 35 °C for 16 hours. Samples 
are then homogenized by grinding in a mortar and pestle and then passed through a 30 
mesh sieve. Two grams of dried soil are extracted with lOmL of acetonitrile in a vial. 
The vials are placed in an ultrasonic bath for 18 hours. A 5.0 mL aliquot is mixed with 
aqueous calcium chloride to flocculate particles and allow easy filtration before HPLC 
analysis. 

The HPLC system consists of a C-8 reversed phase HPLC column, a mobile phase made 
of water/methanol/isopropanol (80:9:11) and a flow rate of 1.0 mL/min., and a variable 
UV detector set at 254 nm. The identities of the eluted compounds are confirmed with a 
secondary Cyano reverse phase column. The primary column on which analytical 
determinations are made showed excellent separation of all explosive compounds found 
at VAAP. Each of the explosives was accounted for on the secondary column except 2,4 
and 2,6-dinitrotoluenes whose retention time only differs by 0.20 minutes (12 seconds). 
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The USAEC has validated the method for the determination of the explosive compounds 
specific to the VAAP site. Originally Method 8330 was applicable both to the analysis of 
the nitroaromatic and the nitramine compounds. The current certification does not apply 
to the nitroamines which are not found in this study. One slight modification from the 
8830 method is that the soil sample is subjected to drying in a 35 °C oven. To document 
that the change has no adverse impact on the analysis, spike recovery experiments using 
the drying process were set up showing no significant changes in the results. Method 
8330 recommends the use of C-18 reversed phase HPLC column with a solvent system 
consisting of 50/50 (v/v) methanol/water. A new commercially available C-8 column 
with water/methanol/isopropanol system gave far better separation and resolution of the 
explosives compounds. 

Calibration Demonstration 

This calibration process was carried out to provide USAEC with the analytical ranges of 
the explosives analytes to be measured at VAAP. The calibration range established 
during calibration demonstration showed that the calibration curve for each analyte is 
linear and passes through the origin. By the Beer-Lambert Law, linearity of the 
calibration curve is crucial for quantitative determination of the explosives and the curve 
must pass through the origin to rule out any non-specific interferences. Following the 
review of the calibration demonstration, the laboratory proceeded with the validation 
process class 1 where samples spiked at each level of the calibration curve were analyzed 
each day for four consecutive days. The certified and upper reporting limit were 
established for each analyte and the percentage spike recovery values were used to 
establish control limits in order to assess the accuracy and precision of the results of 
actual samples. Data from spiked Quality Control samples within a lot were compared to 
control chart limits to demonstrate that analysis of the lot are under control. This data 
was also used to update the charts. Single day X-Bar control chart and single day Range 
control chart were used to monitor the accuracy and precision at high spike concentration, 
while three-day X-Bar and three-day Range control chart were used to monitor the 
accuracy and precision at low spike concentration. 

Sampling and analytical data were entered and are stored in the USAEC database through 
the Installation Restoration Data Management Information System (IRDMIS). After 
validation of Method 8330 for the determination of explosives, USAEC created a method 
database in which the certified reporting limit and information of each explosive analyte 
were included to ensure the integrity of data entry mechanism. The IRDMIS software 
validated the data electronically before submitting them to USAEC for final approval. 
USAEC reviewed the control charts before the data were allowed to be entered 
permanently into the IRDMIS database. 

3-4 



3.4      Modeling Methodology 

Individual Demonstrators may focus their efforts towards particular concentrations of 
certain analytes. Therefore, modeling was used to assess the volume of soil contaminated 
by individual analytes. Results from HPLC analysis were captured in electronic format 
and input to Site View™ environmental modeling and visualization software. Model input 
parameters include SITE-ID (borehole), SAMPLE-ID, EASTING (X coordinate for 
geographic reference in State Plane feet), NORTHING (Y coordinate for geographic 
reference in State Plane feet), ELEVATION, DEPTH (of sample in feet), ANALYTE 
(135TNB, 246TNT, 24DNT, 26DNT), and VALUE (ppm of analyte). Model outputs 
show concentration and spatial distribution of 135TNB, 246TNT, 24DNT, and 26DNT at 
each of the six sites. Figure 3.2 exhibits modeling results for 246TNT greater than 100 
ppm at Site 3. 

VOLUME CALCULATION METHODOLOGY 

The HPLC data in Site View™ is further analyzed to calculate the approximate volume of 
soil containing minimum levels of nitroaromatic compounds suitable for testing different 
treatment technologies. Minimum or threshold values, used in this report are as follows: 

Table 3.2 Threshold Values of Nitroaromatic Compounds 

Analyte Threshold Value 
135TNB >0ppm 
246TNT > 100 ppm 
24DNT > 10 ppm 
26DNT > 10 ppm 

A soil sample is considered contaminated or "a hit" if the measured value exceeds the 
threshold value for any one analyte. Appendix B reports the volumes of contaminated 
soil for each analyte and the total volume of contaminated soil for each of the 
characterized sites. 

Some remediation technologies are applicable only to specific chemicals or compounds. 
For this reason, and because not all targeted nitroaromatic compounds are present in 
every soil sample, separate calculations for estimating the volume of soil contaminated by 
each analyte in Appendix B are done for the six sites as well as a total volume of all 
analytes for each site. 

The volume calculations use the formula for a cylinder (boreholes have a cylindrical 
shape): 

V = Z(7i*r2*L) where, 
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V = Estimated volume of contaminated soil on a given Site 
r  = radius of each cylinder 
L = length of each cylinder (or depth of contamination zone) 

In general, the volume of all the cylinders is summed for each of the six characterized 
sites. A borehole may have more than one cylinder volume if the contamination is 
vertically discontinuous. 

The methodology used to integrate spatial and analytical data into this formula is 
described below. Figures 3.3 and 3.4 exhibit how this formula is applied to Site 3. 

Due the sparseness of sample density (continuous sampling data is lacking), many 
assumptions must be made about both vertical and horizontal continuity of 
contamination. The following discussion describes the decision process for evaluating 
whether contamination is vertically and laterally continuous and for assigning values to 
the contamination radius (r) and depth (L) parameters. 

1. First, locations where soil samples contain hits, (measured values exceeding threshold 
limits reported in Table 3.2) will be identified for each site. Hits that are co-located (more 
than one analyte at the same location and depth) will be used once in the calculation for 
total volume (of 135TNB, 246TNT, 24DNT, and 26DNT) of contaminated soil. Figure 
3.4 exhibits the principle of co-located analytes. 

2. Sample hits are grouped by borehole to determine extent of vertical continuity (0', 5', 
10') and multiplied by the actual number of contiguous vertical feet. This results in the L 
value for the volume calculation, as shown in Figure 3.3. An isolated hit (no hits above or 
below) is arbitrarily given a cylindrical depth = 2 feet, the length of the split spoon used 
to obtain samples. Table 3.3 illustrates how vertical continuity is determined for the 
boreholes shown in Figures 3.2 through 3.5. 

Table 3.3 PPM of 246TNT 
Borehole 

Depth 

C Vertical 
Continuity 

C 

J Vertical 
Continuity 

J 

K Vertical 
Continuity 

K 

L Vertical 
Continuity 

L 
0 450 0 0 0 
5 (27)* C0-C10 0 0 0 
10 327 V = 10 ft. 0 (25) 0 
15 (9) 8 413 (11) 
20 (10) 294 J20-J25 234 K15-K25 128 L20 
25 (11) 170 V = 5ft. 192 V=10ft. (71) V = 2ft. 

* Note: PPI VI values in parenthesi sareb< :low the minir numle vel for 246Th Tand are not 
included in volume calculation unless bounded by hits which exceed threshold values as in 
borehole C. 
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3. Boreholes with hits are then grouped laterally. Horizontal contamination between 
borehole is considered to be continuous when any one or more of the following criteria 
are met: 

a) Distance to adjacent boreholes with hits is small. Smaller distances 
imply greater probability that volume between holes is contaminated. 

b) Adjacent boreholes have contiguous vertical hits, as described in 2, 
above. Discontinuous or "spotty" hits imply lower probability that 
volume between hits is contaminated. 

c) Contaminant concentrations in adjacent boreholes are well above 
threshold values. 

d) Historical process knowledge of on-site activities indicates the 
likelihood of lateral contamination may be continuous (room washout) 
versus a point source leak (tank/pipe/spills). 

For hits with no horizontal continuity (no adjacent borehole with hits), the value of the 
cylinder radius, r, = 1.5 feet (cylinder diameter approximates width of conventional 
excavating equipment such as a backhoe). Figure 3.4 illustrates how horizontal continuity 
is applied to site 3 (see formula Ai)- 

4. If adjacent boreholes are judged to have continuous lateral contamination, then the 
radius of each borehole cylinder is defined as 1/2 the distance between the two boreholes. 
Figure 3.5 illustrates two possibilities, labeled TX and r2for applying the horizontal 
continuity criteria to Site 3. In the case of rls boreholes C and J are adjacent, within a 
relatively short distance (12.7'), and both contain hits. Therefore the cylinder radius for 
boreholes C and J is calculated as 1/2 * 12.7' - 6.35'. In the r2 case, although boreholes L 
and K are adjacent (15.0' apart) and both contain hits, the cylinder radius (1/2 * 15' = 
7.5') for borehole K would encompass borehole N which is a clean borehole. Therefore, 
the volume of contaminated soil between boreholes L and K will not be considered 
horizontally continuous and the cylinder radius for borehole L will be assigned = 1.5'. 

5. The estimated volume of contamination (V) for each site will be the sum of the 
individual cylinder volumes. 

Borehole C 
r = 12.7 = 6.35A = 7tr2=126.7 ft.2 

Borehole J and K 
r = 2^ = 4.8 A = 7ir2 =72.4ft.2 

2 

Borehole L 
r=1.5 A = 7tr2 =7.1 ft.2 
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r2 - radius of 7.5'( one-half distance between L andK) would encompass clean borehole 
N, therefore area between L and Knot close enough to assume soil between holes is 
contaminated. 

EXAMPLE METHODOLOGY 

Step 1 - A site has hits of 246TNT at sample locations CO, C5, CIO, J20, J25, K15, K20 
K25, and L25. 

Step 2 - Vertical continuity exists between locations C0-C10 (V=10 feet), J20-J25 (V=5 
feet), K15-K25 (V=10 feet). Since no vertical continuity exists for L25, the V 
value will be assumed to be 2 feet. See Figure 3.3. 

Step 3 - The horizontal distance between sample locations C and J is 12.7', between J and 
K is 9.6' and between K and L is 15.0'. From this, we can assume the volume 
between boreholes C, J, and K is probably contaminated and therefore, r = 6.35' 
for borehole C, and r = 4.8' for boreholes J and K (see Figure 3.5). Since r = 7.5' 
for borehole L would encompass borehole N, a clean borehole, and because L is 
only lightly contaminated (128 ppm) at a single sample location (L25), we can 
assume the volume between L and adjacent boreholes is not contaminated. 
Therefore, at borehole L, r = 1.5 feet (see case A2 in Figure 3.5). 

Step 4 - Applying the formula for calculating the approximate volume of soil containing 
minimum levels of nitroaromatic compounds suitable for testing different 
treatment technologies, V= Z(7i*r2*L): 

c J K L Total 
Volume 

7t*rz*L 7i*rz*L 7r*r^*L 7t*rz*L £(7i*rz*L) 

(TT* 6.3 52) * 10 (n* 4.82) * 5 (TI* 4.82) * 10 (7t* 1.52)*2 

1266.8 361.9 723.8 14.1 2366.6 ft.J 

87.7 yd.3 
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4.0      SUMMARY OF RESULTS 

4.1       TRW Results 

Tables 4.1 through 4.6 display the calculated volumes of contaminated soil at each of the 
six characterized sites in the Old TNT Area.   Each Table lists the volume of soil for that 
site which has over the target threshold value for each analyte (135TNB, 246TNT, 
24DNT, 26DNT). Each Table also lists the combined volumes for these analytes. 
Principal Investigators may use this data to chose appropriate soil volumes as well as 
sites with appropriate concentration limits listed as "Highest Hit." Calculated soil 
volumes are based on the results of the TRW field investigation using the modeling 
methodology described in section 3.4 of this report.  Additional information about the 
modeling methodology is also included in Appendix C. The chemical analysis for each 
sample is in Appendix D. Each volume calculation is detailed in Appendix B. 

Table 4.1 Site 1 Volume Measurements 

Analyte Volume ft.3 Volume yd. Highest Hit 
135TNB>0ppm 386.06 14.30 22.2 ppm 

246TNT>100ppm 1818.00 67.33 2609 ppm 
24DNT>10ppm 1840.44 68.16 12752 ppm 
26DNT>10ppm 1222.48 45.28 5445 ppm 

Combined 3060.21 113.34 — 

Table 4.2 Site 2 Volume Measurements 

Analyte Volume ft.J Volume yd.3 Highest Hit 
135TNB>0ppm 3279.34 121.46 61.5 ppm 

246TNT>100ppm 3056.35 113.20 5739 ppm 
24DNT>10ppm — — — 

26DNT>10ppm 2083.87 77.18 207 ppm 
Combined 3454.23 127.93 — 

Table 4.3 Site 3 Volume Measurements 

Analyte Volume ft* Volume yd/ Highest Hit 
135TNB>0ppm 56.55 2.09 10.2 ppm 

246TNT>100ppm 2297.47 85.09 450 ppm 
24DNT>10ppm 2818.44 104.39 557 ppm 
26DNT>10ppm 2819.15 104.41 89.6 ppm 

Combined 3443.98 127.55 — 
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Table 4-4 Site 4 Volume Measurements 

Analyte Volume ft* Volume yd."* Highest Hit 
135TNB>0ppm 365.79 13.55 16.9 ppm 

246TNT>100ppm 223.78 8.29 2300 ppm 
24DNT>10ppm 7101.69 263.03 9143 ppm 
26DNT>10ppm 2161.66 80.06 2667 ppm 

Combined 5384.08 199.41 — 

Table 4.5 Site 5 Volume Measurements 

Analyte Volume ft.* Volume yd.J Highest Hit 
135TNB>0ppm 106.03 3.93 48.8 ppm 

246TNT>100ppm 106.03 3.93 1803 ppm 
24DNT>10ppm 106.03 3.93 2335 ppm 
26DNT>10ppm 106.03 3.93 848 ppm 

Combined 106.03 3.93 — 

Table 4.6 Site 6 Volume Measurements 

Analyte Volume ft.° Volume yd/ Highest Hit 
135TNB > 0 ppm 14.14 0.52 4.79 ppm 

246TNT>100ppm — — — 

24DNT>10ppm 14.14 0.52 18.7 ppm 
26DNT>10ppm — — — 

Combined 14.14 0.52 — 

4.2      Previous Results 

This section summarizes selected information from the RI/FS report (USAEC, 1995) on 
groundwater and soil at VAAP, mainly focusing on the Old TNT Area. Some 
environmental technology demonstrators may need supporting data regarding 
groundwater well flow rates and other metal contaminates which might affect chemical 
reactions during demonstrations. Table 4.7 shows the data qualification used in reporting 
the RI/FS data: soil and groundwater concentrations are reported relative to its certified 
reporting limit (LT), detection limit (ND), and background concentrations (LQ) (see 
Table 4.7). Table 4.8 shows the VAAP RI/FS background soil survey. This survey 
examined the natural background concentration for metals in the VAAP soil for 
comparison with site soils suspected to contain contaminates. Tables 4.9 through 4.14 
display the VAAP RI/FS chemical analyses of soil samples grouped according to the 
areas characterized by TRW in the Old TNT area. Table 4.15 displays the VAAP RI/FS 
chemical analysis for selected groundwater monitoring wells from the Old TNT Area, 
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New TNT Area and Redwater Treatment Plant Area. Table 4.16 displays calculated flow 
rates based on VAAP RI/FS data from selected groundwater monitoring wells from the 
Old TNT Area and the New TNT Area. The RI/FS report should be reviewed for more 
detailed and specific information on the Old TNT Area, New TNT Area, and Redwater 
Treatment Plant Area data summarized in this section (USAEC, 1995). 

As part of the VAAP RI/FS process, a Site Investigation (SI) was conducted on several 
areas of VAAP. This SI contains information on the World War II Burning Ground and 
Landfill (USAEC, 1994). The quantity and areal extent of explosives contamination at 
the World War II Burning Ground and Landfill appear insufficient for most 
demonstrations. Demonstrators that want detailed information on the World War II 
Burning Ground and Landfill should review the SI and consult with the USAEC. 

The RI/FS soil data (Tables 4.9 through 4.14) includes samples taken at the surface and at 
depth and are reported in ug/g. The RI/FS groundwater chemical analyses (Table 4.15) 
are reported in ug/1. Both the RI/FS soil and groundwater results are reported with data 
qualifications. The same data qualifications have been used in tables 4.9 through 4.15 for 
both soil and groundwater. The data qualifications are listed in table 4.7. 

Table 4.7 Data Qualifications Used for Reporting RI/FS Data 

Data Qualification Code Explanation 
LT Less than certified reporting limit 
ND Not detected 
LQ Analyte detected at a concentration less 

than the VAAP soil background 
concentration 

NB Result corrected for blank contamination 

Soil Chemical Analyses 

The data qualification code, LQ, listed in table 4.7 is in reference to the VAAP RI/FS 
Background Soil Survey (USAEC, 1995). Information from the VAAP RI/FS 
Background Soil Survey has been summarized in table 4.8. The soil survey was 
performed at several areas of VAAP that are not expected to be affected by the site 
activities, the manufacture of TNT. The first column in table 4.8 shows the analytes that 
were tested. The second column in table 4.8 shows the range of concentrations observed. 
The third column in table 4.8 shows the 95 percent upper confidence limit on the 
arithmetic mean of the samples collected (in the second column), used as the LQ value, or 
soil background threshold value. 

Tables 4.9 through 4.14 show the results of the RI/FS soil data analysis (USAEC, 1995). 
The RI/FS results have been grouped according to the sites TRW performed its 
characterization work (ie. Table 4.9 represents the RI/FS surface swipes and soil borings 
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in the vicinity of TRW site 1). The LQ data qualification code was assigned for analyses 
that resulted in values less than the VAAP RI/FS background soil survey (see Table 4.8). 

Groundwater Chemical Analyses 

Table 4.15 shows the results of the RI/FS groundwater analyses. The chemical data 
includes explosives and metals. Included in this table are selected monitoring wells in 
the Old TNT area (Table 2.1), selected wells from the New TNT area (Table 2.2), and 
selected wells from the Redwater Treatment Plant area (Table 2.3). The selected wells 
from the New TNT area are included because of their proximity to electrical power for 
use in technology demonstrations. As mentioned above, the groundwater chemical 
analyses are reported in \xg/l. 

Groundwater Flow Rates 

Table 4.16 shows groundwater flow rates that are calculated using geotechnical data from 
the RI/FS report. The most accurate method of obtaining a flow rate is to perform a pump 
test over a period of time. Since these flow rates are calculated estimates based on 
hydraulic conductivities derived from slug tests, rather than pumping tests, there may be 
inherent error. Demonstrators should consult with the USAEC and ICI, the site 
contractor, for the most recent groundwater flow data and information about monitoring 
wells. 

The hydraulic conductivities in table 4.16 were calculated for the RI/FS using the Bower 
and Rice (1976) slug test method (USAEC, 1995). The Bower and Rice (1976) slug test 
method is appropriate for unconfined aquifers. For this table, a flow rate was 
backcalculated out of the Thiem Equation for steady-state flow to a well. The equation 
used is given by: 

Ö = 2TI  KL y 

ln(Re/rw) 

Q is the flux to the well (length3/time), K is the hydraulic conductivity of the aquifer 
(length/time), Le is the length of screen contributing water to the well (length), y is the 
difference between the water level in the well and the equilibrium water table (length), Rg 
is the aquifer radius over which water level changes are dissipated (length) and rw is the 
boring radius (length). The calculation used in table 4.16 has a y value that represents the 
maximum depth of head in a well. 

There is a high degree of variability in the groundwater at VAAP. This variability is the 
result of the geology, seasonal affects on the groundwater, and the influence of Waconda 
Bay. The geology of the TNT Manufacturing Valley is a fractured karst and carbonate 
regime. The water table, particularly in the residuum, is affected by seasonal variations in 
precipitation. The local groundwater at VAAP is heavily influenced by the water levels 
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in Waconda Bay (USAEC, 1995). Waconda Bay is a reservoir and its water level is 
raised or lowered by the U.S. Army Corps of Engineers. Based on the above factors, the 
reliability of the flow rates given in table 4.16 may not meet technology demonstration 
needs without confirmation by pumping tests. Demonstrators may want to consider 
pumping groundwater first to a holding tank and then to the demonstration, thus allowing 
better regulation of the flow. 
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Table 4-8 VAAP RI/FS Background Soil Survey 

Analyte 

Range of Sample 
Concentrations 

(UGG) 

95 Percent Upper 
Confidence Limit on 
the Arithmetic Mean 

(UGG) 
Aluminum 7110-47100 19941.74 
Antimony NA NA 
Arsenic 4.39 - 68 15.76 
Barium 11.30-97.5 47.57 
Beryllium 0.765-0.811 NA 
Boron 9.49 - 32.2 13.10 
Cadmium NA NA 
Calcium 32.8 - 22800 3224.51 
Chromium 6.79 -106 39.13 
Cobalt 3.27-40.1 11.32 
Copper 4.49-45.1 14.17 
Iron 9530 - 90000 38442.50 
Lead 6.47 - 230 54.53 
Magnesium 208 - 7580 1426.18 
Manganese 52.8 - 4900 1199.56 
Mercury 0.0677 - 0.25 0.068 
Molybdenum NA NA 
Nickel 3.31-15.30 6.56 
Nitrogen 60-1700 757.54 
Phosphorus 119-425 242.13 
Potassium 180-1340 512.75 
Selenium 0.56-1.11 0.51 
Silver 1.11-1.49 0.57 
Tellurium 52.9 NA 
Thallium 48.9 -196 52.21 
Tin 10.6-17.3 7.15 
Vanadium 19.4-113 59.12 
Zinc 17.2-129 57.14 

*\ 
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Table 4.9 RI/FS Data for Site 1 

i 

Identification SWDASS0002 OTNTSS0006 OTNTSS0007 OTNTSB04 

Depth (ft) .33-.67 .5-1 .75-1.17 8-10 

Parameter CRLs Units Result Result Result Result 

Aluminum 11.2    UGG 27400 LQ . 24500 LQ 

Antimony 1       UGG LT 2.1 2 LT 

Arsenic 2.5    UGG LQ 38.4 35.6 LQ 

Barium 3.29  UGG LQ 76.1 318 LQ 

Beryllium .427 UGG LT LT LT LT 

Boron 6.64  UGG LT 

Cadmium 1.2    UGG LT LT LT LT 

Calcium 25.3    UGG LQ 9610 9390 9610 

Chromium 1.04  UGG 43.7 LQ LQ LQ 

Cobalt 2.5    UGG LQ LT LT LT 

Copper 2.84  UGG 28.5 18.8 LQ LQ 

Iron 6.66  UGG LQ LQ LQ LQ 

Lead .467 UGG 59 2200 1300 LQ 

Magnesium 10.1     UGG LQ LQ LQ LQ 

Manganese 9.87  UGG LQ LQ LQ LQ 

Mercury .05  UGG 0.0918 LT LT LT 

Nickel 2.47  UGG 10 7.52 10.2 LQ 

Potassium 131      UGG NB NB NB LQ 

Selenium .449 UGG LT LT LT LT 

Silver .803 UGG LT 

Thallium 34.3    UGG LT LT LT LT 

Tin 7.43   UGG LT 19.9 14.1 LT 

Vanadium 1.41   UGG 62.4 

Zinc 2.34  UGG 79.1 LQ 79.1 LQ 

Cyanide .25   UGG LT LT LT 0.309 

Nitrogen 1       UGG 240 280 190 180 

Phosphorus 41.6    UGG NB LT NB 254 

TOC 1000       UGG 4800 4600 4300 1400 
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Table 4.9 RI/FS Data for Site 1 

Identification OTNTSB04 OTNTSB04 
Depth (ft) 13-15 33-35 

Parameter CRLs Units Result Result 
Aluminum 11.2    UGG LQ LQ 
Antimony 1       UGG LT LT 
Arsenic 2.5    UGG LQ 17.9 
Barium 3.29  UGG LQ LQ 
Beryllium .427 UGG LT LT 
Boron 6.64  UGG LT LT 
Cadmium 1.2    UGG LT LT 
Calcium 25.3    UGG LQ LQ 
Chromium 1.04  UGG 56.9 47.8 
Cobalt 2.5    UGG LT 12.9 
Copper 2.84  UGG LQ 21.3 
Iron 6.66  UGG LQ 50100 
Lead .467 UGG LQ 66 
Magnesium 10.1     UGG LQ LQ 
Manganese 9.87  UGG LQ LQ 
Mercury .05  UGG LT 0.0759 
Nickel 2.47  UGG LQ 7.16 
Potassium 131      UGG LQ LQ 
Selenium .449 UGG LT LT 
Silver .803 UGG LT LT 
Thallium 34.3    UGG LT LT 
Tin 7.43   UGG LT LT 
Vanadium 1.41   UGG 67.9 81.6 
Zinc 2.34  UGG LQ 66.1 
Cyanide .25   UGG LT LT 
Nitrogen 1       UGG 150 180 
Phosphorus 41.6    UGG 363 336 
TOC 1000       UGG LT LT 
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Table 4.10 RI/FS Data for Site 2 

x 

Identification SWDASS0001 OTNTSS0001 OTNTSS0002 OTNTSS0003 

Depth (ft) 0-.5 .75-1.25 .33-.67 0-.17 

Parameter CRLs Units Result Result Result Result 

Aluminum 11.2    UGG LQ 30500 LQ 21600 

Antimony 1       UGG LT LT LT LT 

Arsenic 2.5    UGG 16.3 17.8 LQ 17.5 

Barium 3.29  UGG LQ LQ LQ LQ 

Beryllium .427 UGG LT LT LT LT 

Boron 6.64  UGG 

Cadmium 1.2    UGG LT LT LT LT 

Calcium 25.3    UGG 31300 9020 250000 LQ 

Chromium 1.04  UGG 233 44.6 LQ 40.8 

Cobalt 2.5    UGG LQ LQ LQ LQ 

Copper 2.84  UGG LQ 19.2 LQ 23.2 

Iron 6.66  UGG 57700 51600 LQ 52600 

Lead .467 UGG 130 100 120 55 

Magnesium 10.1     UGG 5670 1540 29400 LQ 

Manganese 9.87  UGG LQ LQ LQ LQ 

Mercury .05  UGG 0.0775 0.142 0.0807 0.0984 

Nickel 2.47  UGG 6.9 11.1 LQ 9.41 

Potassium 131      UGG NB NB 2090 NB 

Selenium .449 UGG LT LT LT LT 

Silver .803 UGG 
Thallium 34.3    UGG LT LT LT LT 

Tin 7.43  UGG LT LT LT LT 

Vanadium 1.41   UGG 
Zinc 2.34  UGG 89.2 76.5 LQ 110 

Cyanide .25  UGG 0.448 LT 0.446 LT 

Nitrogen 1       UGG 600 240 420 410 

Phosphorus 41.6    UGG NB NB NB NB 

TOC 1000       UGG 14000 2600 19000 1200 
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Table 4.10 RI/FS Data for Site 2 

Identification OTNTSS0020 OTNTSB13 OTNTSB13 
Depth (ft) .67-1.17 3-5 8-10 

Parameter CRLs Units Result Result Result 
Aluminum 11.2    UGG 41900 28300 28000 
Antimony 1       UGG LT LT LT 
Arsenic 2.5    UGG LQ 18.6 19.4 
Barium 3.29  UGG 49.3 LQ LQ 
Beryllium .427 UGG LT LT 0.653 
Boron 6.64  UGG LT LT 
Cadmium 1.2    UGG LT LT LT 
Calcium 25.3    UGG 38400 13700 LQ 
Chromium 1.04  UGG 48.4 39.5 39.9 
Cobalt 2.5    UGG LQ LQ LQ 
Copper 2.84  UGG 17.5 27.9 27.8 
Iron 6.66  UGG 76000 53700 46400 
Lead .467 UGG 69 LQ LQ 
Magnesium 10.1     UGG 6670 1680 LQ 
Manganese 9.87  UGG LQ LQ LQ 
Mercury .05  UGG 0.142 0.0926 0.103 
Nickel 2.47  UGG 11.7 10.6 11.1 
Potassium 131      UGG 1570 LQ NB 
Selenium .449 UGG LT LT LT 
Silver .803 UGG LT LT 
Thallium 34.3     UGG LT LT LT 
Tin 7.43   UGG LT LT LT 
Vanadium 1.41   UGG 86.3 78.7 
Zinc 2.34  UGG 66 112 91.9 
Cyanide .25   UGG LT LT LT 
Nitrogen 1        UGG 350 210 220 
Phosphorus 41.6    UGG 347 210 148 
TOC            1 1000       UGG 2100 LT LT 

X 
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Table 4.11 RI/FS Data for Site 3 

Identification OTNTSS0008 OTNTSS0009 OTNTSS0010 OTNTSS0147 

Depth (ft) .5-.83 1.08-1.58 .83-1.33 0-.5 

Parameter CRLs Units Result Result Result Result 

Aluminum 11.2    UGG 43400 38300 41100 LQ 

Antimony 1       UGG LT LT LT LT 

Arsenic 2.5    UGG 20.6 LQ LQ LQ 

Barium 3.29  UGG 56 LQ LQ 50.1 

Beryllium .427 UGG LT LT LT LT 

Boron 6.64  UGG LT 

Cadmium 1.2    UGG LT LT LT LT 

Calcium 25.3    UGG 31300 43900 41700 74000 

Chromium 1.04 UGG 49.4 42.8 45 44.5 

Cobalt 2.5    UGG LQ LQ LQ LQ 

Copper 2.84  UGG 26.8 40.8 29.6 18.2 

Iron 6.66  UGG 76000 57900 56400 LQ 

Lead .467 UGG 66 100 250 87 

Magnesium 10.1    UGG 3730 7250 3740 11200 

Manganese 9.87  UGG LQ LQ LQ LQ 

Mercury .05  UGG 0.112 0.081 0.0822 0.0781 

Nickel 2.47  UGG 13.6 14.2 14.6 6.57 

Potassium 131      UGG NB NB NB 999 

Selenium .449 UGG LT LT LT 0.731 

Silver .803 UGG 
Thallium 34.3    UGG LT LT LT LT 

Tin 7.43  UGG 10 LT LT LT 

Vanadium 1.41   UGG LQ 

Zinc 2.34 UGG 91.3 175 117 65.8 

Cyanide .25  UGG LT LT LT LT 

Nitrogen 1       UGG 480 340 300 

Phosphorus 41.6    UGG 459 NB NB 

TOC 1000       UGG 5500 3500 2700 

4-11 



Table 4.11 RI/FS Data for Site 3 

Identification OTNTSS0156 OTNTSB02 OTNTSB02 OTNTSB02 
Depth (ft) .18-.58 8-10 13-15 33-35 

Parameter CRLs Units Result Result Result Result 
Aluminum 11.2    UGG LQ 40100 65000 50300 
Antimony 1       UGG LT LT LT LT 
Arsenic 2.5    UGG LQ LQ 18.9 28.4 
Barium 3.29  UGG LQ LQ LQ LQ 
Beryllium .427 UGG LT LT LT 4.36 
Boron 6.64 UGG LQ LQ 14.5 40.9 
Cadmium 1.2    UGG LT LT LT LT 
Calcium 25.3    UGG 260000 8290 LQ LQ 
Chromium 1.04  UGG LQ LQ 46.6 46.3 
Cobalt 2.5    UGG LT LQ LQ 38.8 
Copper 2.84  UGG LQ 22.4 39.8 59.2 
Iron 6.66  UGG LQ 46800 81000 99000 
Lead .467 UGG LQ LQ LQ 76 
Magnesium 10.1    UGG 85000 2760 LQ 2510 
Manganese 9.87  UGG LQ LQ LQ 2500 
Mercury .05  UGG LT 0.0781 LT 0.166 
Nickel 2.47  UGG LQ 14.9 17.4 37 
Potassium 131      UGG 1600 NB 884 3260 
Selenium .449 UGG 0.901 LT LT LT 
Silver .803 UGG LT LT LT 
Thallium 34.3    UGG LT LT LT LT 
Tin 7.43   UGG LT LT LT LT 
Vanadium 1.41   UGG LQ 74.1 123 92.2 
Zinc 2.34  UGG LQ 100 106 326 
Cyanide .25  UGG LT 0.654 0.45 0.453 
Nitrogen 1       UGG 330 200 310 
Phosphorus 41.6    UGG 459 458 795 
TOC 1000       UGG LT LT 1600 

1 
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Table 4-12 RI/FS Data for Site 4 

» 

Identification OTNTSS0013 OTNTSS0017 OTNTSS0018 OTNTSB08 

Depth (ft) .5-.75 0-.5 .25-.67 3-5 

Parameter CRLs Units Result Result Result Result 

Aluminum 11.2    UGG LQ LQ 28900 48500 

Antimony 1       UGG LT LT LT LT 

Arsenic 2.5    UGG LQ LQ 18 38.2 

Barium 3.29  UGG LQ LQ 51.5 LQ 

Beryllium .427 UGG LT LT LT LT 

Boron 6.64  UGG LT 

Cadmium 1.2    UGG LT LT LT LT 

Calcium 25.3    UGG 21200 29400 96000 LQ 
Chromium 1.04  UGG LQ LQ 57.2 45.4 

Cobalt 2.5    UGG LT LQ LQ LQ 
Copper 2.84  UGG 23.4 16.5 33.9 46.8 

Iron 6.66  UGG LQ LQ 42800 76600 

Lead .467 UGG LQ 1300 470 65 
Magnesium 10.1    UGG 2120 3910 11000 LQ 
Manganese 9.87  UGG LQ LQ LQ LQ 
Mercury .05  UGG LT LQ 0.198 0.0966 
Nickel 2.47  UGG 6.72 10.1 36 21.8 

Potassium 131      UGG NB NB 1040 NB 
Selenium .449 UGG LT LT LT LT 
Silver .803 UGG LT 
Thallium 34.3    UGG LT LT LT LT 
Tin 7.43  UGG LT LT LT LT 
Vanadium 1.41   UGG 137 
Zinc 2.34  UGG 102 LQ 178 192 
Cyanide .25  UGG LT 0.586 LT LT 
Nitrogen 1        UGG 170 760 670 200 
Phosphorus 41.6    UGG 291 278 370 471 
TOC 1000       UGG 1100 11000 5100 LT 
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Table 4-12 RI/FS Data for Site 4 

Identification OTNTSB08 OTNTSB08 
Depth (ft) 8-10 33-35 

Parameter CRLs Units Result Result 
Aluminum 11.2    UGG 35000 27800 
Antimony 1       UGG LT LT 
Arsenic 2.5    UGG 57 60 
Barium 3.29  UGG LQ LQ 
Beryllium .427 UGG 1.11 2.13 
Boron 6.64 UGG LT LT 
Cadmium 1.2    UGG LT LT 
Calcium 25.3    UGG LQ LQ 
Chromium 1.04  UGG LQ LQ 
Cobalt 2.5     UGG LQ 22.8 
Copper 2.84  UGG 59 52.5 
Iron 6.66  UGG 82000 73900 
Lead .467 UGG 110 170 
Magnesium 10.1     UGG LQ LQ 
Manganese 9.87  UGG LQ 1490 
Mercury .05  UGG 0.134 0.12 
Nickel 2.47  UGG 26.7 31.7 
Potassium 131      UGG NB NB 
Selenium .449 UGG LT LT 
Silver .803 UGG LT LT 
Thallium 34.3     UGG LT 64.2 
Tin 7.43   UGG LT LT 
Vanadium 1.41   UGG 165 103 
Zinc 2.34  UGG 329 384 
Cyanide .25   UGG LT LT 
Nitrogen 1        UGG 270 190 
Phosphorus 41.6    UGG 595 650 
TOC 1000       UGG LT LT 
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Table 4.13 RI/FS Data for Site 5 

k 

Identification OTNTSS0024 OTNTSS0025 OTNTSS0026 OTNTSB27 

Depth (ft) .75-3.17 .42-.83 .67-1 3-5 

Parameter CRLs Units Result Result Result Result 

Aluminum 11.2    UGG LQ LQ LQ LQ 

Antimony 1       UGG LT LT LT LT 

Arsenic 2.5    UGG LT 19.4 24.6 LQ 

Barium 3.29  UGG LQ LQ 63.6 62.1 

Beryllium .427 UGG LT LT LT LT 

Boron 6.64  UGG LQ LT LT LT 

Cadmium 1.2    UGG LT LT LT LT 

Calcium 25.3    UGG 200000 23100 15400 LQ 

Chromium 1.04  UGG LQ 47.9 LQ LQ 

Cobalt 2.5    UGG LT LQ LQ LT 

Copper 2.84  UGG LQ 25.6 19.7 LQ 

Iron 6.66  UGG LQ 62000 43900 LQ 

Lead .467 UGG 61 85 69 80 

Magnesium 10.1    UGG 48700 4290 2670 LQ 

Manganese 9.87  UGG LQ LQ LQ LQ 

Mercury .05   UGG LT 0.0939 0.14 LT 

Nickel 2.47  UGG LQ 7.48 6.65 LQ 

Potassium 131       UGG NB LQ LQ LQ 

Selenium .449 UGG LT LT LT LT 

Silver .803 UGG LT 

Thallium 34.3    UGG LT LT LT LT 

Tin 7.43   UGG LT LT LT LT 

Vanadium 1.41   UGG LQ 127 76.8 LQ 

Zinc 2.34  UGG LQ 84.3 84.7 LQ 

Cyanide .25  UGG LT LT LT LT 

Nitrogen 1       UGG 120 670 420 

Phosphorus 41.6    UGG 154 204 210 

TOC 1000       UGG 21000 |         LT LT 
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Table 4.13 RI/FS Data for Site 5 

Identification OTNTSB27 
Depth (ft) 10-Aug 

Parameter CRLs Units Result 
Aluminum 11.2    UGG 24600 
Antimony 1        UGG LT 
Arsenic 2.5    UGG 52 
Barium 3.29  UGG LQ 
Beryllium .427 UGG LT 
Boron 6.64  UGG LT 
Cadmium 1.2    UGG LT 
Calcium 25.3    UGG LQ 
Chromium 1.04  UGG 51.3 
Cobalt 2.5    UGG LQ 
Copper 2.84  UGG 46.3 
Iron 6.66  UGG 100000 
Lead .467 UGG 120 
Magnesium 10.1     UGG LQ 
Manganese 9.87  UGG LQ 
Mercury .05   UGG 0.325 
Nickel 2.47  UGG 19.7 
Potassium 131      UGG LQ 
Selenium .449 UGG LT 
Silver .803 UGG LT 
Thallium 34.3     UGG LT 
Tin 7.43   UGG LT 
Vanadium 1.41   UGG 186 
Zinc 2.34  UGG 203 
Cyanide .25   UGG LT 
Nitrogen 1       UGG 
Phosphorus 41.6    UGG 
TOC 1000       UGG 
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Table 4.14 RI/FS Data for Site 6 

Identification OTNTSS0027 OTNTSS0028 OTNTSS0029 OTNTSS0030 

Depth (ft) .33-.83 1.33-2 0-.75 1-1.33 

Parameter CRLs Units Result Result Result Result 

Aluminum 11.2    UGG LQ 20400 LQ 29000 

Antimony 1       UGG LT LT LT LT 

Arsenic 2.5    UGG LT LQ 48 LQ 

Barium 3.29  UGG LQ LQ LQ LQ 

Beryllium .427 UGG LT LT 0.627 0.633 

Boron 6.64  UGG LQ LT LT LQ 

Cadmium 1.2    UGG LT LT LT LT 

Calcium 25.3    UGG 240000 5590 LQ 11800 

Chromium 1.04  UGG LQ 43.6 LQ 69 

Cobalt 2.5    UGG LT 13.3 LQ LQ 
Copper 2.84  UGG LQ 19.9 55.4 21.4 

Iron 6.66  UGG LQ 43200 53800 68600 

Lead .467 UGG LQ 80 100 LQ 
Magnesium 10.1    UGG 61000 LQ LQ 1800 

Manganese 9.87  UGG LQ LQ LQ LQ 
Mercury .05  UGG LT 0.203 0.173 0.151 
Nickel 2.47  UGG 6.79 8.9 15.3 10.4 
Potassium 131      UGG 1350 NB NB NB 

Selenium .449 UGG LT LT LT LT 
Silver .803 UGG 
Thallium 34.3    UGG LT LT LT LT 
Tin 7.43   UGG LT LT LT 11.3 
Vanadium 1.41   UGG LQ 67.7 77.8 88.4 
Zinc 2.34  UGG LQ 72.1 203 59.2 
Cyanide .25   UGG LT LT LT LT 
Nitrogen 1       UGG 180 220 400 280 
Phosphorus 41.6    UGG 89.7 197 231 213 
TOC 1000       UGG 6200 2500 2000 1500 
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Table 4.15 RI/FS Data for Groundwater Monitoring Wells 

Well 28 37 39 40 48 
Parameter CRLs Units Result Result Result Result Result 
135TNB .21 UGL 0.347 18.8 LT 13.6 LT 
13DNB .458 UGL LT LT 60 5.1 
246TNT .426 UGL 78 420 LT 
24DNT .397 UGL 7.35 910 
26DNT .6 UGL LT LT 1300 
Aluminum 112 UGL 228 268 164 1820 181 
Arsenic 2.35 UGL LT LT LT LT 3.73 
Barium 2.82 UGL 56.7 125 127 25.7 246 
Beryllium 1.12 UGL LT LT LT LT LT 
Boron 230 UGL LT LT LT LT LT 
Cadmium 6.78 UGL LT LT LT LT LT 
Calcium 105 UGL 79500 82500 134000 250000 30900 
Chromium 16.8 UGL LT LT LT LT LT 
Cobalt 25 UGL LT LT LT 65.5 LT 
Copper 18.8 UGL LT LT LT LT LT 
Iron 77.5 UGL 186 373 LT 437 155 
Lead 4.47 UGL LT LT LT 6.88 5.62 
Magnesium 135 UGL 13400 13600 4470 46700 3630 
Manganese 9.67 UGL LT 19.5 116 18000 32.6 
Mercury .1UGL LT LT LT 0.334 LT 
Nickel 32.1 UGL LT LT LT LT LT 
Potassium 1240 UGL 1370 1650 32700 6470 76400 
Selenium 2.53 UGL LT LT LT 12.4 LT 
Silver 10 UGL LT LT LT LT 
Thallium 125 UGL LT 133 LT LT LT 
Vanadium 27.6 UGL LT LT LT LT LT 
Zinc 18 UGL LT 58.3 LT 71.3 23 
Cyanide 5 UGL LT LT LT 40.3 LT 
Alkalinity 5000 UGL 400000 230000 44000 69000 170000 
Alkalinity- 
Bicarbonate 5000 UGL 400000 230000 44000 69000 LT 
Chloride 278 UGL 3120 2710 3470 5610 634 
Fluoride 153 UGL 542 539 727 2650 2140 
Nitrate/Nitrit 10 UGL 5600 7000 24000 20000 150 
Sulfate 175 UGL 73000 19000 42000 780000 14000 
COD 10000 UGL 
TOC 1000 UGL 
TDS 10000 UGL 
TSS 4000 UGL 1 
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Table 4.15 RI/FS Data for Groundwater Monitoring Wells 

Well 49 50 53 54 66 
Parameter CRLs Units Result Result Result Result Result 
135TNB .21 UGL LT 2.54 0.889 0.778 1300 

13DNB .458 UGL 3.02 LT LT 70 

246TNT .426 UGL LT 38.5 20 26000 
24DNT .397 UGL 110 20 42000 
26DNT .6 UGL 220 19.8 LT 29000 
Aluminum 112 UGL LT 174 213 170 217 
Arsenic 2.35 UGL LT LT LT LT LT 
Barium 2.82 UGL 173 105 86.3 15.6 68 
Beryllium 1.12 UGL LT LT LT LT LT 
Boron 230 UGL LT LT LT LT LT 
Cadmium 6.78 UGL LT LT LT LT LT 
Calcium 105 UGL 21600 23300 67900 26400 44300 
Chromium 16.8 UGL LT LT LT LT LT 
Cobalt 25 UGL LT LT LT LT 47.4 
Copper 18.8 UGL LT LT LT LT LT 
Iron 77.5 UGL LT 138 LT 252 424 
Lead 4.47 UGL LT LT LT LT LT 
Magnesium 135 UGL 1360 46700 199 37000 5500 
Manganese 9.67 UGL LT LT LT 34.4 2960 
Mercury .1UGL LT LT LT LT LT 
Nickel 32.1 UGL LT LT LT LT LT 
Potassium 1240 UGL 35600 18900 38200 48500 10800 
Selenium 2.53 UGL LT LT LT LT LT 
Silver 10 UGL LT LT LT 
Thallium 125 UGL LT LT LT LT LT 
Vanadium 27.6 UGL LT LT LT LT LT 
Zinc 18 UGL LT LT LT 35.9 34.7 
Cyanide 5 UGL LT LT LT LT 31.2 
Alkalinity 5000 UGL 110000 170000 140000 200000 95000 
Alkalinity- 
Bicarbonate 5000 UGL LT 170000 LT 200000 95000 
Chloride 278 UGL 3370 4500 1090 1530 6620 
Fluoride 153 UGL 252 574 269 445 442 
Nitrate/Nitrite 10 UGL 7800 16000 2800 6800 15000 
Sulfate 175 UGL 72000 37000 15000 63000 17000 
COD 10000 UGL 21000 LT 160000 
TOC 1000 UGL 4700 1500 52000 
TDS 10000 UGL 280000 300000 270000 
TSS 4000 UGL 13000 5000 17000 
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Table 4.15 RI/FS Data for Groundwater Monitoring Wells 

Well 67 69 77 78 79 
Parameter CRLs Units Result Result Result Result Result 
135TNB .21 UGL 36 140 49 68 46 
13DNB .458 UGL 12.8 12.4 2.16 LT 10.2 
246TNT .426 UGL 3900 4000 330 9300 680 
24DNT .397 UGL 43000 6300 3300 15000 
26DNT .6 UGL 33000 1800 LT LT 3200 
Aluminum 112 UGL 500000 28000 2070 330000 518 
Arsenic 2.35 UGL LT LT LT 4.5 LT 
Barium 2.82 UGL 1150 45.6 184 630 385 
Beryllium 1.12 UGL 16.5 2.25 LT 5.41 1.43 
Boron 230 UGL LT LT LT 445 LT 
Cadmium 6.78 UGL 16.8 LT LT LT LT 
Calcium 105 UGL 730000 76900 77400 91400 75800 
Chromium 16.8 UGL 96 LT LT 353 LT 
Cobalt 25 UGL 2110 445 60.2 124 95 
Copper 18.8 UGL 966 LT LT 234 LT 
Iron 77.5 UGL 2460 492 1380 382000 896 
Lead 4.47 UGL 6300 9.52 LT 410 7.12 
Magnesium 135 UGL 79900 24900 21000 31200 27200 
Manganese 9.67 UGL 50000 13000 4880 11000 4410 
Mercury .1UGL 6.6 0.313 0.226 1.86 LT 
Nickel 32.1 UGL 924 72.2 LT 165 61.2 
Potassium 1240 UGL 11600 1890 3080 13000 2100 
Selenium 2.53 UGL LT 4.51 LT LT LT 
Silver 10 UGL 13 LT LT LT 
Thallium 125 UGL LT LT LT LT LT 
Vanadium 27.6 UGL LT LT LT 700 LT 
Zinc 18 UGL 3950 363 33 853 235 
Cyanide 5 UGL 121 79.2 34.3 22 8.65 
Alkalinity 5000 UGL LT LT 110000 540000 21000 
Alkalinity- 
Bicarbonate 5000 UGL LT LT 110000 540000 21000 
Chloride 278 UGL 10000 5970 5870 4140 2090 
Fluoride 153 UGL 4200 1510 897 795 701 
Nitrate/Nitrite 10 UGL 1600000 23000 15000 6800 44000 
Sulfate 175 UGL 5770 340000 20000 76000 21000 
COD 10000 UGL 
TOC 1000 UGL 
TDS 10000 UGL 
TSS 4000 UGL I 
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Table 4.15 RI/FS Data for Groundwater Monitoring Wells 

A 

Well 80 81 82 83 84 

Parameter CRLs Units Result Result Result Result Result 

135TNB .21 UGL 310 70 43 31 

13DNB .458 UGL 0.905 4.16 LT LT 23 

246TNT .426 UGL 3900 510 98 97 

24DNT .397 UGL 2900 1600 110 

26DNT .6 UGL LT LT LT 230 

Aluminum 112 UGL 3900 3700 14400 287 530 

Arsenic 2.35 UGL LT LT 3.87 LT 

Barium 2.82 UGL 13.3 62.5 53.2 76.9 54 

Beryllium 1.12 UGL LT LT LT LT 

Boron 230 UGL LT LT LT LT 

Cadmium 6.78 UGL LT LT LT 11.9 

Calcium 105 UGL 20800 3520 76400 46300 73100 

Chromium 16.8 UGL LT LT LT LT 

Cobalt 25 UGL 43.2 52.8 LT 115 LT 

Copper 18.8 UGL LT LT LT LT 

Iron 77.5 UGL 3980 2020 11600 3120 490 

Lead 4.47 UGL LT 6.09 12.3 LT 

Magnesium 135 UGL 5390 1670 13900 15400 9780 

Manganese 9.67 UGL 5870 1280 352 15000 1230 

Mercury .1UGL 0.101 LT 0.13 0.116 0.22 

Nickel 32.1 UGL LT LT LT 97.6 

Potassium 1240 UGL 1510 2810 1670 LT 1710 

Selenium 2.53 UGL 3.95 LT LT LT 

Silver 10 UGL LT LT 

Thallium 125 UGL LT LT LT LT 

Vanadium 27.6 UGL LT LT LT LT 

Zinc 18 UGL 26.6 28.6 79.5 64.4 36.6 

Cyanide 5 UGL 35 LT LT 18.2 5.34 

Alkalinity 5000 UGL 37000 21000 200000 69000 220000 

Alkalinity- 
Bicarbonate 5000 UGL 37000 21000 200000 69000 220000 

Chloride 278 UGL 5180 6530 2460 3300 4030 

Fluoride 153 UGL 2970 LT 297 637 888 

Nitrate/Nitrit 10 UGL 4400 9700 1500 1600 9000 

Sulfate 175 UGL 1500000 291 11000 140000 18000 

COD 10000 UGL LT 

TOC 1000 UGL 1300 

TDS 10000 UGL 300000 

TSS 4000 UGL 250000 
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Table 4.15 RI/FS Data for Groundwater Monitoring Wells 

Well 85 86 88 91 110 
Parameter CRLs Units Result Result Result Result Result 
135TNB .21 UGL 6.09 0.742 22 1100 
13DNB .458 UGL 12.6 LT 
246TNT .426 UGL 5.89 3.98 15.1 570 
24DNT .397 UGL 71 2.22 87 4800 
26DNT .6 UGL LT 26 LT 120 870 
Aluminum 112 UGL 10800 265 LT 1260 641 
Arsenic 2.35 UGL 2.79 LT 
Barium 2.82 UGL 90.7 24.8 17.2 12.2 11.8 
Beryllium 1.12 UGL LT LT 
Boron 230 UGL 252 LT 
Cadmium 6.78 UGL LT LT 
Calcium 105 UGL 93800 38500 2610 NB NB 
Chromium 16.8 UGL LT LT 
Cobalt 25 UGL LT LT LT LT 25.6 
Copper 18.8 UGL LT LT 
Iron 77.5 UGL 9670 239 201 1120 549 
Lead 4.47 UGL 23.6 LT 
Magnesium 135 UGL 23800 7590 993 1620 633 
Manganese 9.67 UGL 362 1510 344 687 2520 
Mercury .1UGL 0.228 LT LT 0.352 2.6 
Nickel 32.1 UGL LT LT 
Potassium 1240 UGL 1890 1460 1580 LT 3770 
Selenium 2.53 UGL LT LT 
Silver 10 UGL LT LT 
Thallium 125 UGL LT LT 
Vanadium 27.6 UGL LT LT 
Zinc 18 UGL 94.7 20.8 LT LT 41.6 
Cyanide 5 UGL LT LT LT LT 68.7 
Alkalinity 5000 UGL 250000 190000 6100 91000 94000 
Alkalinity- 
Bicarbonate 5000 UGL 250000 190000 6100 91000 94000 
Chloride 278 UGL 3680 3130 1440 2400 5570 
Fluoride 153 UGL 363 844 LT 1170 3250 
Nitrate/Nitrit 10 UGL 4200 4100 1400 5300 53000 
Sulfate 175 UGL 5150 25000 3170 64000 1100000 
COD 10000 UGL 570000 
TOC 1000 UGL 190000 
TDS 10000 UGL 2700000 
TSS 4000 UGL 4000 
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5.0      DISCUSSION & CONCLUSIONS 

5.1       Introduction 

This chapter of the report synthesizes the general findings of TRW s investigation (6 
sites) and the previous findings (USAEC, 1995) of site investigations in the Test 
Demonstration Area, focusing mainly on the Old TNT Area. Since different technology 
demonstrations will focus on different environmental media and contaminates, there are 
separate discussions for soil phase and groundwater phase contaminates. These sections 
may help demonstrators determine which site meets their test parameter requirements. 
The last section of this chapter discusses lessons learned during TRW's investigation at 
VAAP. 

The focus of this report is on the Old TNT Area within the Test Demonstration Area for 
several reasons. The Old TNT Area produced the largest quantity of TNT and operated 
over the longest period of time. The most detailed site information about VAAP has been 
collected for the Old TNT Area. Demonstrators should consult with the USAEC for 
more information on the Old TNT Area and other areas of the Test Demonstration Area. 

5.2       Soil Phase Contaminates 

Soil Volume Requirements 

Although 6 sites were investigated, only 4 (Sites 1-4) have sufficient data density to 
accurately detail significant amounts of explosives contamination. Table 5.1 lists the 
sites (1 through 4) that have the largest soil volume for each explosive analyte: 135TNB, 
246TNT, 24DNT, and 26DNT. 

Table 5.1 Explosives by Sites with Largest Volume 
Analyte Site with Largest Soil 

Volume 
Soil Volume in ftJ/ydJ 

135TNB>0ppm 2 3279.34/121.46 
246TNT>100ppm 2 3056.35/113.20 
24DNT>10ppm 4 7101.69/263.03 
26DNT>10ppm 3 2819.15/104.41 

Combined 4 5384.08 /199.41 

Site 2, the wash house for batch line 4, has the greatest volume of soil contaminated with 
135TNB and 246TNT. This is not unexpected since most of the 246TNT was produced 
by the third nitration step at the tri-house building and then the final product was 
separated from the impurities at the wash house, see figure 2.1. Likewise, finding the 
greatest volume of soil contaminated with 26DNT at Site 3, the bi-house for batch line 4, 
is not unexpected. 
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5.4      Lessons Learned 

Contaminate Distribution 

The soil phase contaminate distribution observed at VAAP is highly variable and 
"spotty." The "spotty" nature of contaminates may result from historical spills, leaks or 
accidents, rather than continuous discharges from the TNT batch lines. Another factor 
contributing to the "spotty" nature of the contamination may be the clay content in the 
residuum soil. Clays have a finite capacity to absorb both nitroaromatic explosives as 
well as metals. The soil at VAAP is a clay with chert fragments and root pore openings. 
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Site 4, the acid fume recovery building for batch lines 3 and 4, has the greatest volume of 
soil contaminated with 24DNT and a combination of the 4 target analytes. This is 
probably the result of spills or leaks of the spent acid, which may have contained various 
analytes. 

Soil Concentration Requirements -• 

Table 5.2 lists the sites with the highest and lowest average concentration for the various 
analytes found in the vicinity of each of TRW s 6 sites. Since limited sample density * 
exists for sites 5 and 6, if they were the highest or lowest concentration, another location 
from sites 1 through 4 was also included in the table. Also, if the data was inconclusive 
with regard to determining the highest or lowest average concentration, the code INC was 
placed in the table. 

5.3      Groundwater Phase Contaminates 

Groundwater Flow Rate Requirements 

The majority of the groundwater monitoring wells in the TNT Manufacturing Valley and 
the Old TNT area are residuum wells. The groundwater flow rates have been obtained 
through calculation, since very few pumping tests have been performed to date. The 
calculations show that residuum wells have low and variable flow rates that range from 
0.05 to 8.0 gallons per minute. The few bedrock wells in the area have variable flow 
rates that range from 0.04 to 535 gallons per minute. Technology demonstrators should 
perform a pumping test and use holding tanks to account for the low and variable flow 
from the groundwater monitoring wells. Demonstrators should also consult with the 
USAEC for the most recent data on groundwater flow rates. 

Groundwater Concentration Requirements 

Table 5.3 lists the monitoring wells with highest and lowest concentration hits for 
explosives and the selected chemical parameters. Table 5.3 only shows the wells with 
concentration hits higher than the certified reporting limits. 

A 
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In addition, localized cherty/pebbly soil layers and karst features contribute to the 
heterogeneous nature of the soil contamination at VAAP, particularly with regard to 
permeability, and therefore, contaminant transport. 

Groundwater 

The groundwater levels in the TNT Manufacturing Valley at VAAP are variable. The 
TNT Manufacturing Valley is along the axis of a northeastern plunging syncline of 
carbonate rocks. The TNT Manufacturing Valley contains karst features. Additionally, 
there are seasonal water table fluctuations due to precipitation and changing water levels 
in Waconda Bay, a local water reservoir. To date, there have been few pumping tests of 
wells in this area. Those wells that have been pumped have reported instances of changes 
in contaminant concentrations and slow recharge. If a particular well is to be used, more 
detailed pumping tests to determine flow must be performed. Because of variability and 
lack of pumping test data, demonstrations should not be directly connected to wells, 
instead, they should use a holding tank to regulate flow. 

Site Conditions 

There are a number of features concerning site conditions at VAAP that technology 
demonstrator should factor into their planning. These factors are underground features, 
site topography, and logistics concerns. The VAAP site contractor, ICI Americas, has a 
great deal of historical process knowledge and is very helpful in dealing with the site 
conditions. 

The results of TRW's investigation found contaminates associated with underground and 
buried features. Two features of particular interest are the buried acid pits near the tri- 
houses and the buried drown tanks near the bi-houses. 

The site topography in the Old TNT area consists of rolling hills with up to 20 feet of 
elevation change. The area is covered with grassy vegetation which can be quite thick 
during spring and summer, often requiring frequent mowing. 

There are no concrete pads and few readily available utilities. Groundwater technology 
demonstrations may want to consider reviewing data from wells 82, 83, 85, and 88. 
These wells are in the New TNT area and have easier access to concrete pads and 
utilities. 
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Table 5.2 Site Comparison of Soil Parameters 

Parameter 
Site with Highest 

Concentration 
Site with Lowest 
Concentration 

Aluminum 3 1 
Antimony 1 INC 
Arsenic 4 2 
Barium 1 6,2 
Beryllium INC INC 
Boron 3 INC 
Cadmium INC INC 
Calcium 6,3 5,1 
Chromium 2 4 
Cobalt 3 5,2 
Copper 4 1 
Iron 3 1 
Lead 1 6,2 
Magnesium 6,3 1 
Manganese 3 INC 
Mercury INC INC 
Nickel 4 5 
Nitrogen 5,4 1 
Phosphorus 3 6,2 
Potassium 3 5,1 
Selenium 3 INC 
Silver INC INC 
Thallium 4 INC 
Tin 1 INC 
Vanadium 4 6,3 
Zinc 4 1 
TOC 5,2 3 

■4 
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Table 5.3 Groundwater Comparison of Parameters 

K 

« 

« 

Parameter 
Well with Highest 
Concentration Hit 

Well with Lowest 
Concentration Hit 

135TNB 66 53 
13DNB 66 80 
246TNT 66 88 
24DNT 61 88 
26DNT 67 53 
Aluminum 67 39 
Arsenic 78 85 
Barium 67 110 
Beryllium 67 79 
Boron 78 85 
Cadmium 67 83 
Calcium 67 88 
Chromium 78 67 
Cobalt 67 110 
Copper 67 78 
Iron 78 50 
Lead 67 48 
Magnesium 67 53 
Manganese 67 37 
Mercury 67 40 
Nickel 67 79 
Potassium 48 28 
Selenium 40 80 
Silver 67 67 
Thallium 37 37 
Vanadium 78 78 
Zinc 67 86 
Cyanide 67 84 
Alkalinity 78 88 
Alkalinity- 
Bicarbonate 78 88 
Chloride 67 48 
Fluoride 67 49 
Nitrate/Nitrite 67 48 
Sulfate 80 81 
COD 110 53 
TOC 110 82 
TDS 54/82 66 
TSS 82 54 
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Appendix B - Soil Volume Models 
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Appendix C - Methodology 

Data Analysis and Modeling 

SiteView™ is a computer software tool that allows engineers, scientists, and managers to 
visualize 3D environmental data. It combines object-oriented data manipulation 
capabilities with features that allow you to integrate, analyze, and view complex spatially 
referenced data. Data objects have values for spatial location, contaminant concentration, 
geology, and any other information that characterizes a site. SiteView™ enables you to 
integrate these data into a computerized conceptual model of a site. The following 
describes the process used to model data collected and analyzed at the VAAP. 

Three data objects were generated and used as input to the contaminant models. The 
objects and their properties are shown in Table C.l. 

Table C.l Data Objects and Related Properties Used for Contaminant Modeling 

Data Object Properties 

Boring Name 
(OTSB#) 

X 
Coordinate 
(Easting) 

Y 
Coordinate 
(Northing) 

Elevation 
(MSL) 

Depth 

Sample 
Name 

(PK0000) 
Source 
(Boring 
Name) 

Depth (0', 
5', 10', 15', 

20', 25') 

Measurement 
Name 
(AO) 

Source 
(Sample 
Name) 

Attribute 
(Analyte) 

Value 
(Concentration) 

The spatially referenced (Easting, Northing, Elevation) borehole data was provided by 
ETE Consulting Engineering, Inc., of Oakridge, TN using conventional survey methods. 
The borehole depth was recorded in the field during drilling activities by GeoTek 
Consultants. Sample data and measurement data were provided by Quanterra in the form 
of data logs and HPLC analysis results. 

As the data were received, the information was entered into EXCEL®, then imported into 
an ACCESS0 database.  Queries were written using ACCESS® to generate tab delimited 
files which are directly readable by SiteView™. Below are example input files for borings, 
samples, and measurements. Figure C.l shows the spatial relationships between these 
data objects. 

For each analyte (135TNB, 246TNT, 24DNT, and 26DNT) an iso-shell model was 
generated using boring (X,Y), sample (Z), and measurement (analyte values) data. 
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Site View™ creates an iso-shell using a set -of attribute measurements located in three 
dimensional space (XYZ, value). From this set of measurements, Site View™ creates a 

Boring Name Easting 

(X) 

Northing 

(Y) 

Elevation Depth 

Site 5-SB27 
OTSB27A 2252941.6786 256714.4842 732.17 6 
OTSB27B 2252941.1274 256701.6552 732.33 25 

Borehole data input file 

SiteD) 

(Name) 

Depth Sample DD 

(Source) 
OTSB27A 0 PK1080 
OTSB27A 6 PK1081 

Sample data input file 

3D grid and interpolates values of the attribute at the grid points. Figure C.2 shows a 
gridded iso-shell surface. Once the gridded values are obtained, Site View™ linearly 
interpolates between grid points and calculates triangular facets of constant iso-values. 
The group of all triangular surfaces, throughout the gridded domain, with constant iso- 
values is connected to form a continuous iso-shell surface. 

ID 
(Name) 

Sample ID 
(Source) 

Analytes 

135TNB 

(Meas. value) 

246TNT 

(Meas. value) 

24DNT 

(Meas. value) 

26DNT 

(Meas. 
value) 

A0 OTSB27A 0 0 0 0 
A6 OTSB27A 0 11.3 0 0 
BO OTSB27B 0 0 5.51 0 
B5 OTSB27B 0 8.35 0 0 
BIO OTSB27B 18.6 1803 2231 848 

Measurement data input file 

The iso-shell model parameters are then modified to create a 3D visualization which best 
fits the data. The following describes those model parameters which effect how the data 
are visualized. 

1. Iso-shell value - the value of the 3D attribute field at which the iso-shell is visualized. 
For 135TNB the iso-shell is set to 1 (minimum level of concern for 135TNB is > 0 ppm), 
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for 246TNT the iso-shell is set to 100 (minimum level of concern for 246TNT is > 100 
ppm), for 24DNT and 26DNT the iso-shell value is set to 10 (minimum level of concern is 
> 10 ppm). 

2. Anisotropy - the extent of contamination in one principal direction in the horizontal 
plane is different from that in other directions. This difference is captured by anisotropy in 
the way Site View™ interpolates attribute values on a grid. Anisotropy between the 
horizontal plane and vertical axis is accounted for by increasing or decreasing the 
anisotropic factor. For example, anisotropic values greater than one give increasing 
importance to horizontal measurements. Similarly, anisotropic values less than one give 
increasing importance to vertical measurements. Figure C.3 exhibits the different model 
outputs that result from modifying the anisotropy property. 

3. Interpolation Exponent - this parameter is a distance weighting function. Increasing the 
interpolation exponent value yields a gravity weighting function is achieved. A smaller 
interpolation exponent value yields an inverse distance weighting function. 

4. Number of Grid Cells - the number of grid lines on the longest axis determines the 
maximum number of grid intervals in any principal direction. Numerical interpolation of 
iso-shell values is proportional to the cube of the number of grid lines. Therefore, as the 
number of grid cells increases, the model output contains contour definitions that appears 
as smooth iso-shells. Figure C.4 exhibits model output from coarse and fine grid cell 
spacing. 

C-3 



N LO 

k" 

LO O 
CM 

LO 
CM 

\ 

I   CD 
I 
l 

\ 
I 

O   i 

0t< <—<-<-<- 
^^C^ Icv.varonvÄK^^.     Mffi'it*»E.(.™..^^^l™ii 

>      \ 

\ 

: MM K\OTvmw«i«\»WMwmiT»wt^«M«^™cnTiYan.m»=iiira.v wnr.-wiHtMc.Tr-f, 

X 

T3 
O 
S 

r—^ 

C/3 

O 

U 
u. 

P-, 

C-4 



«. 
■F 

Ö o 

I—I o 
% 
.3 

.3 
i—( 

,o 

<U 

o 
t! 

<Z> 

<D 
T3 

•ß 
Ü 

Ü 

W 

ft 

C-5 



* 
CM 

c 
0) 
to 
>. .c 
Q. o 
o w 
'c 
< 

3 

o 
"S3 
o 

Ö 
o 
>> 
ft 
O 

o 

43 

73 
c o 
N 

■c o 
43 

4H 

c 
CD 
t/3 
>. .c a 
S 
o w 
"c 
< 

73 o 
.1—< 

t: 
> 
o 
o 

,ü 

« 
CO 

Ü 
!-< 
bß 

C-6 



<n 
"03 
o 
o 
in 

c 
'o 
CO 
Q. 
</) 

CD 
C 

LL 

3 

O 
t—i 

o 

C 
O 

Ö 
• 1—4 

<*> 

(U 

1-1 

*■ 

-* 

o 
o 

CO 
c 
o 
CO 
Q. 
w 

CD 

CD 

CO o 
Ü 

o 

Ü 

PH 

C-7 



¥ 

-» 

H 
Z 
m 

H 
Z 
■v 

=8 
H z 
IN 

r- 
Z a 
NO 
IN 
< ^r 

H 
Z a 
NO 
^r < 
fN 

? Z 
a. Q a. vo 

IN 

es 
« 
a H 
u Z 

-j T 

B. IN 

s 
-" H o Z 
c« \o 

■*r 
M c 

SB 

BU es 
e z 
_o H 

1/3 
«■» o 
"E ^- 
s 
E „, 

E F C? 
< S w 
>> c 
E 
i_ 

< >■ -—■ 

u i*i .*■ 

♦* 
s 
3 
O c 
> z 

s > 
at  w 

<••< 
W 

7. 

w 
y. 

.**; 
™* 

U^ 

M  ^ 

*■-. *~ -*• 
;/5 

/■* « 
u^ 
r" 
V3 

30 00 

CN CN 

Z.  ^>        r- 

< 
T 
O 

o 
CN 

00 
CN 

00 00 
r- 

00 

o o O 
o 

O o 

^ 

2 

^ 

CN CN CN CN CN <T} 
*o O o O o 00 
ro m m r*l ro r~ 
r^ r~ r- r- r- T 
o o o o o 
^T ^3- T T T T 

r«l m m c*1 m 
in in in in in in 
<N CN CN CN CN CN 
<N CN CN CN CN CN 

r^ 00 O o „ fl 
m in in vO o O 
r~ r~ r^ r^ r^ r~ ^ o c o o o 
^ ^ ^ ^ u. U 

o 
10 

o 

5 

c 

c/5 
[—■ 

O 

o 

O 
T 
O 
C 
C/3 

o 

D-2 



E a. 

a 
u 
- 
s 

t« 

c 
es 

s 
o 

3 
E 
E 
< 
>> 
E 
i- 
< 
!_ 
CJ 
CJ ** c 

O 
> 

a c 

> ~ 

H  C A   ^ 

< 

m 2 m 
tN 

m o <n o in o 
<N O IT! 

T L, -r , 
-T T tr ^r •^T T rr m m 

C^ d^ ^\ ^\ ^ o \q vq vO o o o o 

<-*-, *+-. «-. ~". r*-, m r**, m P", r*1 rr m m r^ r~- r» r^ r^ r- r~ r- t^ t~ r^ r- r- 

00 00 00 OC 00 00 m m 
r^ r^ r^- r-- r- m m m m f^ ro r; t— 
*T ■T "^ *T c c " ™ 

o 
~ ^ o 

■o 
r^ C\ CN c< cS cK (S r^ r~ 

T T TT T 3 ■«■ oi tN 
r^ f^ f^ P r^ o O o c © o 
in m >n >n m r- l^ r- r* P [^ P r- 
ci n n n ci m tn in in u-i *r\ ti^ »n 

oi n <N CM ri r> M CN 

r*-. ~: r^ rr r**. "■n r^i n-i fi f^i r*". ^ m oc oc OC OC OC T ^r T ^, 
^r T c> O r- r- r^ r- r^ m v^ in in u^ i/^ o p ^ -T -T -7" T — _ —'. — _! _ p-' r- _ _ w C^ o c o o o o O CN o\ 

T T T T T T -d- *<T T rr m m 
r*l r*-. r-~. m m m m m rn r*-i r**i m m «n •n •n m in »n <n »n »n »y-i »y-t in 
n rj rj ci ri fN n fN fN r^i fN (N CN 
ci n n n rj <N (N n CM n ri Ol (N 

,» in O r^ oc CN = __ CJ rr T VC i— o ^c o P r* r^ r- r^ t^ r^ r^ r^ r- r^ [^ r~- r; r; r- r^ i^ t^ r-- 
o o © 

U ^ ^ ^ ¥ ^ ^ ^: ^ J«i U. ^ ^ 

'O 'w> U U u /-N /^ ^\ f*\ « /-\ — 
TT T *T T 2; T ^ TT rr T 5 ■5 
w o O O o O o C C 

n^ 

¥*- y. .y- •/: X CC y. ^ iy; •y. ry. X •y. 
r~ r~* i~™ r~ 7"~ I—* ■—• ^* r™" H r- 7—• r— 
c c ° c o c o O >^ C 

* 
» 

D-3 



H 
Z 
f> 

H 
Z 
T 
«8 
H 
Z 
M 

t- z 
Q 
VO 
fS < 
yf 

H 
Z 
Q 
ve 
"T < 
IN 

? Z s. c c. VC 
r* 

SS 
■** « 
Q H 

<J Z o J ■V 
0- fM 

S 
— H 
w Z 

££ H <n ve 
■«T 
r4 c 

93 
a- E 
e Z 
o ^* 

i/; ** r"> 
'e *"" 
s 
E X 
E s- T 

< £i = >-> a 
E 
L. 

< > *■*• 

U **; "t" 
3 w 

c 
3 
C c^ 
> z 

M        '""* 

7. 

w 
'S- 

H  X -^  w -* 
u; 

^ 
S,       ^H, 

*»•:  l— 
-*■ 
X 

*^L 

"■■ 
^ 
y: 

o o O o O O o o o o 

o o o o O o o o o o 

o o c o o o o o o o 

o o o o o o o o o o 

o o c o - o o o o 

00 

o 

o "*"" "■"■ 
o o TT rn 

ri 
CO = o 

c- w-1 
CO 

r-' 

w ""* 
= 

o O o 
(N ri 

- 
ir\ 

ri r» o xr\ o vn O 
CM rj 

r-. rr "/^. oc 
u-1 

00 00 
»n 

00 00 
VI 

r-' r- r- l— 1^- 

o 
r**. 
O o 

o 
rr, 

O 

ri £ o 
o 

o s o c 
o 

rj ri 

r- 

rj 

r~ 
in 
ri 

r- 

r*~, 

CX 
ri 

r- 

cr, 

rj 
rj 

ri 
>n 

rr 
in 
ri 
ri 

m 
m 
»n 

rj 

in 

Kn 
rj 

»n in 

•n 

n 

HI 
<N 
in 

5^ 
m 
v-i 
n 
ri 

oc 
r- 

2 
r- 

5 
DC 

5 
OC 

5 

oc oc 

2 
oc 

5 

»n 
00 

2 
oc 

5 
00 

— —* — — •*■ ■"' ~ ~ 

5 5 5 5 5 

5 

5 
Sä 

C 

5 5 

o 
ri 

o o 

o o 

o o 

o o 

o o 

o o 

© o 

oc 

5 o 

2 

D-4 



t- z 

Z 
=8 
Z 

H 
Z 
O 

H 
Z 
o 

E 
D. 

05 o 
u 
J a. 
S 

e 
es 

e 
_o 

"E 
3 
E 
E 
< 

E 

J3 
C 
> 

Ö 

fN 

o 
(N 

X 

o 

c 

T T T ■*T 

»v* ss Jvs nS 

v: ■v. •J~. :/: 
C C O 5 

o 

<N <■*-, T 
o o o zc oc SO 
o ^ O ^: ^ ^ 

D-.5 



H 
Z 
f> 

H 
Z 
TT 
•8 
H 
Z 
IN 

H 
Z a 
ve 
IN 
<t •» 

H 
Z 
C vc 
■*r < 
IN 

? Z 
Q. c 
C ve 

IM 
es ** a 
a H 
u Z c 
j TT 
0. IN 

x 
^* H ft) Z 
."tS H 
CA vc 

T «* IN e « 
0- 22 
s Z 
o H 

ir 
."52 f*5 
e "" 
3 
E „, 
E H O 
< 
>> a 
E 
i_ 

< >' ~ 
i- HI .- 

u< 
c 
3 
O U 
> z 

2 ^ 

a; 
0 
z 

u 
z 
!- X. ;/; w ** 
UJ 

UJ 

M  ^ 

**.  "" ** 
£ 

^ 
"* 
U? 

V. 

y. 

o 

00 

OC 

5 

3 

o 

t— CN o. Ov o Ov 
Cl CN (N o © © © O 
_ __ _ o © © o O 

T "3- T V T rr T 
r~ r- r~ r^ r~ r~ r~ 

vo vo vo <N tN tN tN IN 
m f> vO VO VO VO vO 

Cv C\ o (N (N tN CM 
in m vn <N (N tN (-1 r-i 

r- r^ c^ C~ r- r~ r- t- 
r^ m m 

o o o O o © ■„ o 
r~ r~ r- r~ t~ r~ 

_ (N r*i T r^ T m vO r- 
fN (N 

oc OC OC oo 00 OC OO 
c © © © © ; ; ; i o 

^£ ^ U y; y: U ^ ^ U 
a. 

"™ "~ ' ~ 
_, •—) —) _, y: X. ^ ^ y. 
T T rr ■«• f *^- •v o o © © O o 
■■A v: v. oo :/; y. ■j~. ir: ^n 

w C o O O /-\ O O O 

D-6 



E a. a. 

« 
Q 
O 
J 
ft. 
X 

CA 

E 
E 
< 

E 
< 

D-7 



E c 

GS 

a 
u 
- 
0- 
E 
** 
u 

53 
E 
CS 

EÜ 
B 
e> 

"5 s 

E 

3 

> 

Z 

> ~ 

c 

■y. •" 

o O o o o o o o o o o O 

o o o o c o o o o o o O 

o o o o o o o o o o o O 

o o o o o o o o o o o O 

o o o c = o o o o o o o 

c o = = = o o o o o o c 

o o o = o 
T 
■5J- o o o o o 

c c = = = o o o o o = = 

o <n - 
*n 

rj 
»n 
(N o »rj o «VI o 

n r) 

ri 
»n 

rl 
in 

ri 
•n 

r: 
«n »n r- 

•7 
r~ r~ r^ r» 

■si- 
r- r- 

oc 
X 

DC 

OC 
00 

ri 

ri 
oc 

r~ 

ri 

OC 
OC ^\ 
r» 
ri 
oc 

r~ 
<n 
ri 

oc 
oe 
ri 
n 
oc 

f~ 
<n 
ri 

00 
oc 
ON 
rj 

r» 
oc 

>n 

00 
00 & 
<N 
<N 
00 
o 
r~ 

T 
C\ 

O 

in 
<N 

o 

<N 

CN 

r-' 
o 
r- 
»n 
r> 

■0" 
ON 

o 
r- 
(N 

in 
ri 

o 

c 

ri 

"3" 

T 
-T 

-T 
2 -f 

-T 
-T 
-T ^ o o \C o o 

in 

-T 
r*-, 

«n 
ri 
ri 

•n 
C~i 
ri 

•n 
ri 
ri 

-T 
-T 

<■<■. 

in 
ri 

"3- 

m 

ri 
T 

m 
in 
rj 
n 

ri 
T 

n 
ri 

ri 

m 
rj 
rj 

ri 
-T 
r". 
m 

ri 
ri 

ri 
T 

ri 
n 

ri 
•3- 
rr 

'n 
rj 
rj 

3C 

X 

2 
OC 

2 
OC 

2 
oc 

2 

ri 
-r 
oc 

5 
•a- 
00 

2 

T 

oc 

2 
OC 

2 
oc 

2 

T 
oc 

2 

oe 
00 
o 

oc 

2 

Z z z Z Z z 
o O 

7. 
5 

^-/ 
T 
C 

O 

7. 
5 

7. 

3 

00 

CN 

ON 
ri o 

O 

O 
C2 
•■/-. 

D-8 



H 
Z 

Z 

H 
Z 

Z 
o 

•«c 
o 
<N 

H 
Z o 

E o. 
CL 

es 
Q 
U 
-J a. 
S 
*■* 

c« 

c 
es 

Öl 
s 

_© 

'c 
3 
E 
E 

o 
> 

5- 
Z c 

Z 

z 

a^l 

■■f.   <— 

3C 

2 5 

5 

O o 

o 
7. 

o vO 
QC OC o O 
C"N CN 

^C 
u"t 1/-1 
fN n 

2 

o 

00 

o 

o 
2Q 

r 

D-9 



H 
Z 
fi 

H 
Z 
Tf 

•8 
H 
Z 
r«l 

H 
Z 
Q 
NO 
r« 
< 
■w 

H 
Z a 
NO 
T 
< 
r* 

? Z 
B. a 
a. NO 

w 
cs 
a H 
u Z a 
_J ■v 

a. 
SB 
« H 
0) Z 

H en NO 

e 
R 
ft. e 
e z 
o s- m 
"E 

f»} 

a 
E „. 
E H O 
< 
>> a 
E 
V. 

< >■ ^ 

s- ^ .** 
M  "*" 

c 
3 
O NW 

> z 
~ *-* 

o z 

a 
V. 

r-   *. 
■■r.  ~ 

a 

••. ** 

:/: 

"™ 
üi 
u- 
C/5 

00 

NO 

00 
ON 

o o 

30 

o 
ON 
(N 

■v 
NO 

NO 

00 00 00 00 00 
o NO NO "■9 NO NO 

r^, <») rn f»> m m 
t— r- I— t~ r- t- 

o 
00 

ON 
NO 

00 
NO 
ON 
NO 

tN (N (N r^ (N <N M 

ro "9- W\ \c 
00 00 oo oc 
wN ON ON ^ 
o o o o 
^ u i^ ^ 

2 

y: 

5 
7. 

© a 
Si 

•9- o 

o 

NO 

NO ON 
o ON 
(*) ON 

ON ON ON (N (N <N 
NO NO NO ON ON ON 
T ■^ "3- T ■» T 

00 00 00 (N (N (N 
NO NO NO r- c— 1— 
ON ON ON ON ON 

NO NO NO NO NO NO 

ON o 

T T ■9 
© o 

rr\ a 
■s. Si •s. 

L_ r- 
r\ O o 

D-10 



Z 
-ON 
'S- 

t- 
Z 

«8 

Z 

ON 

E e. c 

es 
Q 
U 
J a. 
B 
^* 

«» 
e 
es 

2Ü 
c e 

E 
E 
< 

E 
< 

c 
e 
> 

Z c 
w 

Z e 

a. -■ 

c 

ON 

oo 

O z 

5"  '< 

5 

— 00 

m 
C* 
n 

O o 00 
■«NT 

r- 
vd 

o 
00 o 

00 

oc m 
ON 

00 

~ ri © o o o o 

= T o m O »n o in 

— — o NO \o o NO O 

ri 

r- r- 

«n 
r- 

»n 

CN 

*n 
CN 
<n in 

in 
ON m 

in 
ON 
in 

in 
ON 
in 

in 

■n 

in 

c* 
vn 
rj 

OO 

»n 

-3- 
oc 
ON 
O m 
Cl 

00 
ON 

in 
(N 

T 
00 
ON 
NO 
in 

00 
ON 
NO m 
CNl 

oc 

»n 

in tn 
in 
oo 

m 
oc 

NO 
m 
oc 

NO 
in 
00 

NO 
in 
oc 

»n 
00 n 

r- 

m 
rj 
ri 

rj 
r- 

m 
rj 
r-i 

*n 

ON 
r- 

m 
to 

r-t 

r- m 
in 
(N 
rNi 

ON 
r- 
m 
in 

ON 

in 
n 

m 
*n 

c^ © 

5 

00 ON 

5 5 5 

> > 
2 

5: 
■9- c 

55 

D-ll 



E a. c 

«8 o 
u 
a. 
a 

Ui 

3 
£ 
E 
< 
E 

X X X X 

5 

X 
T 
C 

rn 

X 
c 

D-12 



Z 

H 
Z 
<« 

z 

H 
Z 
a 
<: 

H 
Z 
a 

E 
c 
c 
es 
« 
a 

Su s 

e 
_w 
a. 
e 

_© 

*E 
3 
E 
E 
< 

E 

c 
_3 
O 
> 

Z e 
to 

Z 
a 

o 
CM 

>  H 

Z 

•3" 

DC 

2 

o m 
to 

to 

^ 

00 

<N 
tO 

CN (N <N <N 

o 

o 
c— 

O C 

¥ 
* 

00 o 

b 

D-13 



E ft ft 
S 
a 
u 
-3 
0. 
as 

E « 

C 
O 

s 
E 
E 

J3 
"5 
> 

H 
Z O o O o o o o o o o o o © 
f> 

Z 
o o o o o o o © o o © o © 

H 
Z 
IN 

H 
Z 

o ^ o o o o o © © o o o o 
IS 
< 

H 
Z 
C 
i© o o o o o o o o o o © © © 

IN 

H 
Z o 
NO 
IN 

o o o o © o o o o o o o © 

H z e o o o o o o o o o o o o © 

IN 

Z 
o = o o o © o o o © o o o 

a z 
o •^ o -~ © o o o © o o o © 

= 
CM [i. 

o 
VI — 

in c in 
PNI o in o in o in 

Pt © in 

> ^ in 
oc 

in 
OC 

m 
oe 

in 
00 

in 
oo 

ON ON ON ON m 
oc oo 

p- p-' p- p- p- 
f*1 

© 
p- 

Ö 
m 
p- 

z ^c NO NO o vO o 
NO 

o © o 
>q 

o o <N Pl 

_ > 
o z 

in 

p^ 
in 
pi 

in 
NO 

r~ 
in 
pi 

in 
o o 
p- 
in 
n 

in 
NO 
O 
p- 
in 
<N 

■<3- 
00 
© 

m 
p\> 

OO 
o 
in 
<N 

13- 
00 
© 
r- 
in 

00 
o 
p- 
in 
fN 

00 
o 
p- 
in 
<N 

■a- 
oo 
o 
p- 
in 
P) 

oc 
oo 
o 
p- 
in 
PM 

00 
00 
© 
p- m 

V Tl in ■n in 
o 
in 

- - - - - - PM PI 

in 

in 
ri 
pi 

•n 
in 
P-l 
O! 

in 
PI 
»n 
PI 

in m 
in 
PNI 
(N 

•5» m 
in 
rn 
in 
<N 
CM 

■5T 

in 
m 
in 
(N 
<N 

m 
in 
f> 
in 
<N n 

m 
in 

in 
CN 

m 
in 
r*i 
in 
CM 
<N 

rn 
in 
m 
in 
p< 
PM 

NC 
in m 
in 
PJ 
PM 

NO 
NO 
in 
r^ 
in 
PI 
PNl 

*+, 

4*. 
4* 

5 

m 
X 

S2 

in 
90 

5 

in 
in 
00 

2 

NO 
in 
oc 
© 

o 
00 
00 
© 

3- 

00 
00 
o 

(N 
00 
oo 
© 

m 
00 
00 
o 

■a- 
oo 
00 
o 

in 
00 
00 o 

OC 
o 
it 

m 
NO 
00 
o 

'■A. 

^ 
IT rn 

*-> 
rn rn m 

a m 

:/: JÄ X 3; CO ■Si 
a 
f3 

e C3 
CO 

a 
en 55 

ca 
CO 

O 3n 
w 

>N >~\ >\ c o o o b o O o 

D-14 



E a a 

03 a 
u 
j 
a. 
s 

ca 

51 

c 
s 
£ 
E 

«C 
;►> 

E 
< 
s- 
u u 
s 

"o 
> 

Z 

H 
Z 

H 
Z 

H 
Z 
a 
ve 

Z 
a 
ve 

Z 
a 

H 
Z 
a 

z 

B 
*" C a. £ 
Q 

> ^ 

O 
z 

as ^ 
O 
z 

z 

00 
c 

5 

5 

o rs 

vO 

o 

o 

f5 

O 

r^ rs 

<N 
VO 

r— 

ON 

00 
r~ 
00 

00 

00 
vo 

<N m •v o vO VD cv Cv G> 
o O O ^ ^ U 

~ 

o ,., O m m m 
~ no DD 
v: :/: en 
^—■ —-> f- 
w O O 

D-15 



H 
Z 

Z 

z 

E a. a. 

es 
Q 
U 
-J 
QM 

S3 
es 
«j 

e es 

e o 
e 
3 
E 
E 
< 
E 

u 
u u 
c 

_3 
O 

Z o 

Z 
Q 

< 

Z o 

*- c a. £ 
a 

> H 

z 

o 
Z 
H  X 
< 

o o o o © o o o o o o o o 

o o o © o o o o o o o o o 

o o © o © o o © o © o o © 

o c o c = © o o o o © © o 

o o o © o o o © © © o o o 

© © © © = © o o © o o © © 

m o in 
CN = in o in o 

<N 
in 
Cv! o in o in 

(N 

vD 
<N 

vO 

r- 
vO 
rs 
c— 

vO 
ro 
vD 
CM 

vC 

vC 

vO 
ro 

vb 
CN 

vO 
ro 
vb 
CN 

VO 
ro 
VO 
CN 
t- 

VO 
pn 

VO 
rs CO CO CO CO 

cv 
Cv cv 

cv 
Cv 

oc 00 00 
VO 

00 
VO 

00 
VO 

00 
vO CN 

<3" 
Cv! 

oo 
oc 
o 
in 

00 

oc 
vo 
m 
CN 

OC 
r- 
00 
vD 
in 

OC 
OC 
vD 
in. 
rj 

CN 
oc 
oc 
vo 
in 

00 
00 
vo 
in 
CN 

CN 
00 
00 
VD 
in 
fN 

CM 
00 
00 
VO 
in 
rs 

<N 
00 
00 
VO 
in 
<N 

in 
CN 
Cv 
vO 
in 
(N 

in 

d 
VO 
in 
<N 

in 
CN 
Cv 
vO 
in 
CN 

in 
<N 
Cv 
VD 
in 
CN 

r- r- r~ 
CN (N <N VO 

VO 
vO 
VO 

vO 
O 

vO 
VD 

ro 
m 
ro 
in 
Cv] 
r-i 

n 
in 
ro 
m 
ri 

co 
in 
ro 
in 
CN 
m 

uo 
ro 
in 
CN 
ri 

in 
co 
in 
ri 

in 
ro 
in 
CN 
CN 

o 
in 
co 
in 
(N 
(N 

o 
in 

in 

o 
in m 
in 
<N 
r>i 

CO 
in 
in 
CO 
in 
<N 
<N 

CO 
in 
in 
ro 
in 
<N 

CO 
in 
in 
ro 
in 
(N 
(N 

CO 
in 
in 
CO 
in 
<N 

in 
vo 
cv 

3 

O o 
Cv 

3 

r- 
vD 

5 
5 
cv Cv 

3 

<N 
O 
Cv 
© 

CO 
© 
ON 
o 

o 
© 

in 
o 
o 

CM 
Cv 
OO 
O 
it 

CO 
Cv 
00 

2 

T 
Cv 
OC 

5 

in 
Cv 
00 
o 
U 
a. 

co 

33 

C 

v^ 
rO 

33 

5 

ro 

33 
"<-v 

ro 

33 
c-v 

ro 

33 

m 

CO 

O 

ro 

33 

O 

e y. 

O 

5 
y. 

O 

CO 

/-o 

33 

O 

33 

O 

ro 

-*v 

33 

O 

CO 

5 
u 
b 

D-16 



Z 

H 
Z 

H 
Z 

E a c ^* 
95 

O 
u 
- a. s 

%■* 
c 
ca 

c e 

E 
E 
< 
E 
s- 
< 
U u 

e 

Z 
Q 

a - 
a 

z 

< 

00 

5 

o 

ON ON ON ON 
O o O O 
r- r- r- t— 
rn ro m rn 
ON ON ON ON 
o NO VD vo 

ON 

OC 

5 ^ 

y: 

O 

03 

o 

O 

00 
00 

00 
00 

00 
00 

00 
00 

T T T T 

(N CM (N ONI CM CM CM CM 
rs CM CM CM CM (N (N <N 

ON o _ T w> O r» 00 
00 ON ON ON ON ON ON ON 
00 oc 00 ON ON ON ON ON 
o o o o O O o O 
V V y; *: V ^ ^ ^ 

C £- Cu cu 

^ 

03 

VI 

03 
y: 

VI W 

03 

o 

D-17 



H 
Z 

z 
•8 
Z 

Z a c- 

H 
Z 
Q 

E 
Q. 
D. 

es a 
u 
o- 
ca 

c 
es 

C s 
E 
E 
< 

E 

u 
CJ u 

o 
> 

H 
Z o 

H 
Z o 

&•  til 
Cd a 

> H 

z 

a o z 

£3 

o o o o o o 

in in 

in 
o o c o 

o 00 o o o o 

fN 
o = o o o 

m 
fN o m o in o 

CN 

OC OC 00 00 
V0 
OC 

r— 

o 
in OC 

fN 
0O 

fN 
00 

fN 
00 00 

o 
r— 
o 
r~ 
in 
fN 

fN 
in 
o r- 
in 

m 
O 
in 
fN 

fN 
in 
o 
in 
fN 

fN 
in 
o 
r~- 
m 
fN 

fN 
in 
o 
r~ 
in 
fN 

oc 
00 

m 
C1« 

in in 
ON 

in in 

T m 
in 

in 
fN 
rN 

r- 
m 
m 
in 
fN 
r) 

in 

in 

fN 

r- 
t— 
in 

in 
fN 

t~- 
in 
n-l 
in 
fN 
(N 

r~ 
in 
m 
in 
fN 
fN 

cri 

5 ^ 

fN g f-1 

C 
O 

in 
o o 

m 
on 

o >1 5 
nn 

O 
3: 
O 

5 
b 

D-18 



Z 

Z 

Z 

z 
Q 

H 
Z 
Q ON 

Z 
Q CM 

fS 

a 
u 
a. 
B 
r») 
<u 

{» 

C 
cs 

C 
o 

c 
3 
E 
E 
< 

E 

u 

J3 
'S 
> 

Z c 

a 
H 
Cd  S 
a 

> — 

z 

o 

S 

o o o o o o 

X. 

< < <" 
(N (N (N o ^ o 
V. V. c/3 (- -~ 
O /~N O 

ON o 

< 
o 

ON o 

o 
© 

o 
Ö 

o 
Ö 
o 

o 
o 

00 00 
NO 

<N 

en 
<N 

ON o 

o 

H o 

ON 
O 

a 
o 
rr\ 

o 

ON o 

o 

ON o 

o 
55 

b 

ON 

t/1 
<N 

O 
Ö 

o 
Ö 

ON 
O 

o 
53 

ON 
O 

f5 

O 

ON 
O 

o 
O a 

f 

D-19 



H 
Z 

H 
Z 
«a 
H 
Z 

Z 
C 

H 
Z a 

E 
H 
Z a 
NO 

oo 

cd 
a 
u 
-j a. 
B 
f> 
w 
33 
c 
es 

c 
_© 

"E 
3 
E 
E 
< 

E 

U 
U 

o 
> 

H 
Z 
Q 

H 

a 

> — 

U z 

OS ^ o z 

oo 

£ 

Ö 
ON 

Ö 

o 
53 
(- 
O 

u 
An 

r- 
o 

o 
<N 

00 
m 
r- 

O 

oo 

O 

© 

o 

ON 
CM 

r- 
r-' 
NO 
C> 
NO 

ON 
O 

C 
o 
00 

ON 

NO 
ON 
NO 

ON 
© 

Q 
O 

53 
S- 
O 

ON 

r- 
NO 
ON 
vO 

ON 
© 

Q 
O 
02 
oo 

ON 

NO 
ON 
NO 

© 

Q 
<N 
O 
CC 
oo 
H 
O 

CN 

CN 
NO 

00 

c 

ON 
CN 

NO 
CN 
NO 

C 

ON 

ON 
© 

o 
CQ 
oo 

ON 
NO 

ON 

ON 
o 

o 
CQ 
00 

O 

D-20 



Z 

H 
Z 

Z 

Z 
Q 

H 
Z 
Q 

< 
is 

ON 

E a a 

O 

B 

t/1 

c 
es 

e 
3 
E 
E 
< 

E 
< 
V. 
u u 
e 
_3 
"5 
> 

H 
Z 
o 

f- T 

Q 

> 
Cd ,— 
-3 £ 
Id ^ 

o z 

OS ^ 
o 

Ü 
z 

< 

o 
<N 

r- 
NO 

C 

o 

o 

O 

o 
CN 

<N 
c on 

5 

r- r-- i— 

NO NO 
NO 
NO 

NO 
NO 

NO 
NO 

NO 
NO 

VN 

CN 
NO 

r- 
CN 
NO 

in 
r~ 
CN 
NO 

>/"N 

CN 
VO 

r- 
CN 
NO 

»"1 

ON 
NO 

CN c 

o 

C 

ON 
O 

CN 
O 

O 

CN 
O 

a. 

CN 
O 
it 

u. ;^ u. 
CN (N CN 
O O o 

03 03 
M V. GO 
r-" H i~ 
Ü O o 

CN 
O 

CN 
o 
03 

CN 
o 

CN 
ON 

CN 
CN 

t- 
m 
r- 

00 
CN 

03 
CN 

CN 
NO 

c*1 
in 
CN 
NO 

ON 
o 

o 
CN 
CN 
o 

c O o 
CN CN CN o o o 
C3 03 03 
V. v> 00 
H !-* 
o o o 

1» 

D-21 



H 
2 
ri 

H 
Z 
^T 
«8 
H 
Z 
«s 

H 
Z a 
NO «s < *r 

H 
Z a 
NO 
■^ <: <s 

/•-V H 
E a. 

Z a 
NO a. «s 

s^r 

« 
■*■> 

Q H 
Z 

U a 
J 
PM w 
fi H 
u •** Z 

H 
NO 

CA •t 
■** 

«s 
e es 
S a z e H o m 2 f> 

s 
s 
E S 
E 
< 

H T 

>> o 
£ s. . 
< 

c 
3 

O "3 
> z 

Is « 
o z 

o z 
a: C 
<! 
U 

a 
w 
j a. 
S 
< 
K) 

o 
w 
H 
S3 

m 
ON 
NO 

O 
es 

es 
ON 

m 
r- 

oo 

e«S «/-> 
ON 
NO 
u-i 
es 

es 

r-i 
ON 

00 
es 

es 

eS 
ON 

g 
PH 

o 
eS 
o 
CQ 

H 
O 

<N 
<N 
ON 

g 
PH 

O 
es 
o 
CQ 
CO 
H 
O 

eS 
eS 

es 
ON 

g 
PH 

O 
es 
o 
CQ 
oo 
H 
O 

ON 
NO 

es 
o 

ON 

I PH 
CS 
o m 
00 
H 
O 

e*i 

ON 
NO 

es 
Ö 

ON 
O 

0, 

eS 
O 
m 
00 
H 
O 

t- 

ON 
NO 

IAN 
es 
ö 

ON 

g 
PH 

eS 
O 
03 
oo 
H o 

•q- 
ON 
NO 

es 

ON 

g 
PH 

es 
o 
03 
00 
H 
O 

t-1 

ON 
NO 

eS 
Ö 

ON 
O 

PH 

<N 
O 
CQ 
oo 
H o 

r- 

r- 

ON 
NO 

es 
Ö 
'S- 

ON 

g 
PH 

(N 
O 
CQ 
OO 
H 
O 

CO 
NO 
en 

oo 
•q- 
eS 

ON 
NO 

oo 

es 

NO 
m 

oo 

es es 

ON 
NO 
in 
es 

NO 
o 
ON 
O 

PH 

es 
o 
CQ 
oo 
H 
O 

es 
es 

r- 
o 
ON 
o 

PH 

es 
o a 
oo 
H 
O 

es 
es 

oo 
o 
ON 

g 
PH 

es 
o 
m 
00 
H 
O 

ON 
o 
ON 

g 
PH 

es 
o 
DQ 
oo 
H 
O 

D-22 



s 
a 
a 

es 
Q 
U 
J 
o. 
a 

e 
es 

e _o 
c 
3 
E 
E 
< 
>> 
E 
l. 

< 
u w 
QJ 
«*J e 

"3 

ft. £ 
Q 

> H 

g 

< 
Ed 

ON 
00 

o 
tN 

NO 

tN 

tN 

ON 
O 

ft» 

tN 
O 
oa 
00 
H o 

tN 

ON 
O 

ft« 

<N 
O 
ea 
GO 
H o 

■<*■ 

IN 

NO NO 
ro ON 
tN 00 

ON 
tN 

ON 
tN 
CN 

o 
r- 

o 

oo 
m 

tN 
O o 
f» 

tN 

ON 
O 

tN 
CN 

tN 

O 

ft« 

o m 
00 
H 
O 

00 
m 
r- 

fN 

ON 
O 

tN 
tN 

O 

ft« 

es 
o oa 
w 
H o 

tN o o 

ON 
O 

tN 
CM 

O 

a« 

o 
oa 
oo 
H o 

o o 

ON 
O 

tN 
tN 

o 
5 ft. 

tN 
o 
03 
00 
H 
O 

o o 

tN 
tN 

NO 

o 
5 ft« 

tN 
O 
oa 
00 
H 
o 

ts o o 

p- 
ON 
o 

tN 
tN 

o 
5 ft« 

tN 
O 
oa 
00 

o 

t- 
fN o 

tN p 

O 
oo' 

o 
00 

ON 
ON 

u-i 
CN) 
tN 

OO 

o 

ft« 

tN o 
oa 
00 
H 
O 

</■> 

tN 
tN 

ON 

O 

OH 

tN 
O 
oa 
00 

o 

VO 
tN 

o 
00 

r- 

ON 
ON 
NO 

O 
tN 
O 

9 ft« 

tN 
O 
oa 
00 
H 
O 

to •q- m 
T tN 

P~ 

O 
tN 

O 
00 
m 

ft, 

CN o 
oa 
00 
H 
O 

tN 
tN 

tN 
tN 
O 

ft« 

tN 
O 
CQ 
00 
f- 
O 

D-23 



H 
Z »»> 

H 
Z 
■» 

«8 
H 
Z 
rj 

H 
Z a 
NO 
fs •< 
T 

H 
Z a 
NO 
T < 
<S 

y^ H 

E 
a 

Z a 
N© 
fs 

w 
es -** 

H 
Z 

U a 
i-3 a. 
H 
n H 

Z 
H 
so 

i» •<r 
■** 

cs 
e 
es 
E n z e H o <n 2 m 

B 
S 
E S 
E 
< 
>> 

ft. £ 
a 

E u 
•< 
w 3 fe 

09 •«»» 
C 
j3 o 
> z 

OS o z 

Ü z 
N*    ^ 

< 
W 

a 
« 
•J a. 
2 < 
»5 

a 
Id 
H 
►■N 
W2 

CS 

ON 

o 
00 
m 
r- 

ON 
ON 
NO 

CS 
O 

5 
P* 

CS 
O 
CQ 
VI 
H o 

o    o 

NO    m 

NO    — 

o    o 

oo 
ö 

r- 
NO 

-a- 
t-' 

"tf o\ 00 t- 
T o cs o 
(N-) 

,-i r~ 

cs 
Ö 

oo 
o 
00 

00 
ON 
NO 

00 
o 
oo' 

r- 

o 

ON 
NO 

00 
o 
oo 
m 

oo 
ON 
NO 

00 
ON 
NO 

00 

CS 
CS 
ON 
ON 
NO 

CS 
ON 
ON 
NO 

CS 
CS 

CS o 
CQ 

H 
O 

NO 
CS 
O 

5 
PH 

CS 
O 
CQ 
Cfl 
H o 

tN 

cs 
o 

5 

cs 
o a 
VI 
H 
O 

CS 

oo 
CS 
O 

5 
p- 

cs 
o 
oa 
V} 
H o 

cs 
cs 

ON 
CS o 

OH 

CS 
o 
CQ 
VI 
H o 

cs 
cs 

o 
o 

5 
CM 

CS 
o 
CQ 
C/3 
H o 

es 
cs 

t- o 
5 
PH 

2 
cs 
O 
CQ 
VI 

o 

cs 
cs 

o 

£ 
CM 

CS 
o 
CQ 
VI 
H 
O 

cs 
ON 
ON 
NO 

ON 
O 

NO 

O 

5 
OH 

CS o 
eq 
c/i 
H 
O 

cs 
cs 
ON 
ON 
NO 

r*1 
ON 
O 
m 

r- 
c- 
o 

5 a. 

cs 
o 
CQ 
VI 
H 
O 

o 
cs 

00 

c- 

cs 

m 
ON 
O 
r<i 

cs 
cs 

CM 

2 
cs o 
eq c/: 
H o 

oo 

cs 
ON 
ON 
NO 

ON 
O 

cs 
cs 

ON 
r- 
o 

5 a, 

cs 
o m 
v> 

o 

D-24 



E a 
3 
es 
'S 
© 
u 
a, 
X 

W5 

e 

e o 

c 
3 
£ 
E 
< 

E 
< 
u a 
«j 

e 
3 
© 
> 

Z 

H 
Z 
(S 

Z a 

Z e 
10 

Q 

> 
J fa 
Ed 

m CS m 
<N r- a\ 

00 o 
T c- 

o 
fN 

OS 

o 
fN 

o o o O o o 
o o o o o o 
r~ t- r- r- r- r- 
m m m >n m m 
rs CN CN CN CN CN 

i/i m m in in m 
t- r- r- r- r~ r- 
Ö ö Ö Ö ö ö 
o o o o o o 

n ro ci m m ci 
m m in m in m 
tN <N CN CN CN CN 
CN CN CN CN CN CN 

00 C\ O 
. 

CN m 
^D VO r^ r~ r~ r- 
o o o o O o 

w w W « W W a, &4 cu O, d< cu 

Z, 2 2; z Z 2 
CN CN CN CN CN CN 
O o O O o O m m pa O a ffl 
ai M C/3 ai CO CO 
H H H H H H 
o o o O o O 

f 

D-25 



H 
Z m 

H 
Z •» 
«8 
H 
Z 
IS 

H 
Z 
a 
VO 
IS <: ^ 
H 
Z a 
VO 
■V < 
IS 

? H 
Z a o 

3 IS 

CS •** es 
O H 
u Z 

Q 
-J ■V 

a. IS 

K 
Tt H 
4) Z 

H (« vo 

e IS 

es 
0- a 
e z 
.© H 

"S *■* 

3 
E 
E B 

< ft. 2 
>» Q 
E u 
<: > ~ 
s- W  ,— 

B 
3 
O O 
> z 

as 
O z 

a 
z 
M     /—. 

BO « < a 

w _) 
a. a 
SB 
■< 

90 

Q 

Ed 
H 
58 

o    o 

■sr 00 
vo 

vo 
rs 

rs 

vo r~ T 

VO 
VO 

t- 
ON 
oo 
rs 

Ö 
m 
m 

VO 
rs 

r~ 
m 
o 

5 
ft. 

oo 
o 
pa 
00 
H 
O 

oo 
o    o 

Ov 
ON o 

VO 

O 
IN 

r~ 

vo 

00 
VO 

•<3- rO 
Ö ■5f 

r-' 

r- 
rs 
rs 

o\ 00 

ON r- 
•—' r~ 

vo 00 
m rs 

o 

VO 
rs 

m 
rs 
rs 

ft. 

oo 
o 
oa 
on 
H o 

Ö 

rs 

rS 

o\ 
m 
o 

5 
0. 

< 
oo 
o 
oa 
H o 

o\ 
oo' 

r- 

ö 

vo 
IN 

O 

o 
5 
P. 

00 
o 
oa 
00 
H 
O 

o 
rs 

r- 
o\ 
oo 
rs 
r- 

Ö 
m 
r- 

vo 
CN 

m 
rs 
rs 

PL. 

o 
oa 
00 
H 
O 

r- 
ON 
oo' 
rs 

ö 
m 
en 
t- 

vo 
rs 

IN 
rs 

rs 
o 

5 a. 

< 
00 
o 
CQ 
00 
H 
O 

o\ 
rs 
r- 

rs 
rs 
r- 
m 
rs 

in 
rs 

rs 
rs 

ft. 

oa 
00 
o 
Da 
00 
H o 

ON 
rs 
r- 

ov 
rs 
r- 

o\ 
rs 
r- 

m 
rs 

rs 
rs 

-a- 
o 

5 
P. 

oa 
00 
o 
oa 
00 
H 
O 

o 
r-_ 
in 
rs 

<n 
o 

CQ 
oo 
o 
m 
00 
H 
O 

o 

VO 
>* 
o 

oa 
00 
o 
CQ 
oo 
H 
O 

o 
rs 

ON 
IN 

rs 
rs 
m 
r- 

o 

r- 
O 

oa 
00 
o 
CQ 
oo 

o 

rs 
rs 
r- 

o 

rs 
rs 

U 
ft. 

CQ 
oo 
o 
oa 
00 
H 
O 

o\ 
rs 
r~ 

Ov 
VO 
00 
rs 

VO 
rs 

rs 
rs 

ON 

o 
5 a. 

O 
oo 
o 
oa 
00 
s- 
O 

D-26 



e a a. 

O 

PL. 
a 
■<* 

■22 

c 
es 

s 
o 

£ 
£ 
< 
E 

u 

c 

"o 
> 

Z 

«8 
H 
Z 

tN 
vo 

a 
H 

O 

6>ä ^ 

O 
Z 
B '-> 

« ^ 
O z 

o z 
03 & 

a- a 

05 

VO 

in 

Ov 

Ov 
tN 

Ov 

oo 
tN 
m 

I'- 
ve 

OH 

O 
00 
o 
CQ 
oo 
H 
O 

t ^r rr -a- 
<N o r» 00 r- •n IN tN 

t- 
o 

ov 
tN 

Ov 
VO 

0- 

O 
00 
o 
CQ 
C/3 
H 
O 

Ov 
c-j 

o\ 
VO 
00 
tN 
m 
t- 

tN 

o 
oo 
o 
CQ 
00 
H 
O 

00 

o 

ov 
tN 

Ov 
vo 
00 
tN 

r- 

VO 

tn 
in 
<N 
tN 

OH 

o 
oo 
o 
CQ 
00 
E- 
o 

r- 
Ov 
tN 

Ov 
IN 

tN in 
m C\ 
■sr t-i 

Ov 
ts 
p- 

t- 
vo 
tN m 

tN 

OH 

o 
oo 
o a 
oo 
H 
o 

CO 

oo' 

Ov 
tN 
r- 

r- 
tn 
in 
ri 
m 
f- 

m 
m 
tN 
tN 

OH 

o 
m 
H 
o 

-3- r- vo 
o o o 

tN 

tN 
tN 
tN 

Ov 

t- m 
tN 

OH 

Q 
oo 
o 
m 
00 
H 
O 

Ov 

r- 

tN 
m 
r- 

m 
m 
tN 
tN 

OH 

Q 
00 
o m 
00 
H 
O 

Ov 
CN 
r- 

m 
tN 

tN 
es 

Q 
oo 
o 
CQ 
oo 
H 
o 

o 

Ov 
CN 

tn 
in 
IN 
m 
r- 

o 
vo 
O 

5 

o m 
00 
H 
O 

Ov 

r- 

tN 
tN 

Ok 

Q 
00 
o 
CQ 
00 H 
O 

Ov 
tN 
Ov 
tN 

■a- 
en 

Ov 

m 
m 
CN 
tN 

OH 

W 
00 
o 
oa 
oo 
H 
o 

Ov 
tN 
Ov 
CN 
r- 

f 

Ov 

o-. 

w 
oo 
o 
CQ 
oo 
H 
O 

D-27 



H 
Z CN 

E a. a. 

o 
u 
a. 
B 
V 

e 
S3 

E 
E 
<! 

E 
< 
u 
<u 
OJ 
*■» e 
'S 

H 
Z 
■N* 

«a 
H 
Z 

B 

Ed <3 
O 

o z 

la 

*« a SB 
< to 

CN 

f- 

00 
cs 

NO 

o 
CN 

m 00 
o 
t- 

00 

r- 
NO 
NO 

ON 

o o 
CN 

o VN o 
CN 

ON 
CN 

ON 
CN 

ON 
CN 

ON 
CN 

ON 
CN 
r- 

ON 
CNl 

ON 
ts 
t- 

ON 

t- 

ON ON 
■■tf 
ON ON 

C*l 

m 
t- 

cn 
t- 

(N-1 

m 

•"3- Tl- Tt 'S- 
u-i VN U-N >n 
ON ON ON ON 
T ■^, T •q- 

cn en en en 
m v> VN U"> 
ON) CN CN tN 
rs CN tN CN 

en ■rr VN *o 
en en (N-1 en 
O o o o 

W W w W 
a. OH OH CM 

w W W W 
00 00 00 00 
o o o o 
CQ 03 CQ m 
Vi CO ai VI 
H E- H H 
o o O Ü 

D-28 



s a. 
& 
es 

o 
u 

m 
in 
v 
*■» 

i/3 
c 
cs 

s s 
E 
E 
«J! 
>> 
E 

i. 
OJ 
01 

S- 
Z 

H 
Z 
«a H 
Z 

s 
B. as 

O 

Ü z 
S ■ 

o z 

q p- 
NO 
ON 

oo 

1—t ON p- oo 
00 o en lO 
■«a- T ■q- p- 

00 00 00 CN 
T ON TT CN 
00 *o p- 

•—i >n m 
en CN m 
CN CN en 
CN CN CN 

in 
en 
oo 

o 
00 

■q- 

CN 
CN 

00 
00 
■-a- 

o 
CN 

•o 
p- 

p- p- en m en en en en *"* ,_H 
m en en en m en 

CN CN CN CN CN CN CN CN m en en en en en en en r- r- p- p- p- r~ t- p- 

00 00 VO VO NO VO NO VO 
■-SJ- ■q- vq NO NO VO »o NO 
■q- •>* OH o-~ VH OH* oi o *—< »—' o o O o o o 
p- p» p- t- P- r~ r- p~ 
VO lO lO VO vO NO •o v£> m <n m <n •n VN VN »o 
CN CN CN CN CN CN CN <N 

CO 00 en m en en en en 
NO vq o-< oo oo OH OH 

t—1 o-( ,-H _t o-ä OH ^ ,_" 
■* ■q- ■*»• ■t ■«• rr ■q- TT 
ON ON ON ON ON ON ON CJN 
CN CN CN CN CN CN CN CN) >n »n m «n m m VN in 
CN CN CN CN CN CN CN CN 
CN CN CN CN CN CN CN CN 

O ^ CN en ■» w-i NO p- 
00 00 oo 00 00 00 00 00 o o o o o o o o 

X W OH W fco OH OH1 5 
PH OH OH PH PH OH CM PH 

< < 03 CQ m CQ m CQ 
P- P- r~ p- p- P- p- p- 
CN CN CN CN CN CN CN es m CQ ffl ffl m cq m ra 
00 i/: CO CO co CO co CO 
H H H H H H H H 
O O O o o 0 o o 

D-29 



* 
£ 

H 
z o 
co 

H 
Z 
■» 

=8 o 
H 
Z 
es 

H 
Z 
a o 
es 
< 
■W 

H 
Z 
Q o 
f 
< 
«s 

^^ 
E H 
B. Z 
s a o 

«S es 
*■» « 
a 

H u Z 
J a o 

Q- es w 
\e 
V H *rf Z 

cc o 
^ c <s es 

s 
s ea 

z 
o 

*s co 
s 
E 
E 

>> 
E 

a 

Q 

o 

s- 

>' ~ 
0) 
0) 

Cd V co 
co 

c W t— 

s 
o 
> Ü z 

es 
Ov 

SS 
vo 
ei 
CS oä in 

0 VO 

z es 

o z 
co 
00 
o 

H 5 
«1 <- 

VO 

< co 
a es 

es 

Ov 
00 

12 o 

5 
0- 

o < o 
o w CQ 

H CO 

S3 o 

r- 
ov 

•* VO 

es 
VO 

es es 
NO 

es 
VO 

es 
VO 

co 
co 
r- 

co 
co 
t- 

CO 
co 
t— 

co co 
CO 

o 
Ov 
CO 

o o O 

CO 
13V 
CO 

Ov 
CO 

r- 
od 

Ov 
es' 

VO VO 

CO 
CO 
r- 

CO 
CO 
t- 

-3- 
Ov Ov Ov 

Tf ■» •sr ■* T ■«■ es es es es es es 
Tf ^ <* «T ■» ■^ ö ö ö ö ö ö 
t-- t- r- r- t— r- r- r- r~ r- r- r- 

m co co co CO co co co co co co co 
v* »n V~l *n vv w w u-i «1 u-> tn w> 
<N es es es es es es es es es es es 
<N es es es es es es es es es es es 

\o r~ 00 Ov o _^ o ^H es co T «^ 
o Ov OV Ov o o OV Ov Ov Ov Ov Ov 
o o o o o o O o O o 

5 5 5 5 X X ^ X W !HH W W 
OH cu OH cu 0H OH 0H 0H 0H 0H OH 0H 

CQ CQ 03 « CD 03 o o o o o o 
o o o o o o o o o o o o 
o o © o o o o o o o o o 
CQ O CQ 03 CQ 03 CQ 03 03 CQ 03 03 
»3 CO co 173 CO co co co co co co co 
H H H H H H H H H H H H 5 5 o O o o O O O O o O 

D-30 



Geotek Engineering Comoany. Inc. • 8321 Oak Ridge Highway - Knoxville. Tennessee 37931 
(615) 690-0128 • rax (615) 691-9e58 

C\ 
1 

-3- 
CM 

) * 

CO 

< < 

c 

C 

< J 
c 

i 
c 

! 

•    H   -1   • 
;  r~>voivo! 

1  II II  II 

D 
g   •         m 
5  J£t   «    N 

!   i-   8 
-   to S ■— 
3 W «3 O 
' ->5 ->S -S '  O^   0s  r   | 

O 

> 
< 
c 

1 

■"• . ■ ■ 1 ■ ■ 
:    ,    •    :    |    l    ; 

- M      ■   ■ ... 
:    :    :         1    '    •    ' 

!    I     !          |     M     i     ■ 

■1      ■  .■  ■ 

:   ;    :    •    |    ■    |   ■   1 

-J 1  

- MM;    M 
i       :   ■   |   -       :   ' 

I         :    :    i 

1 ■ ! ' ! 

1 
M •  ; !       I       ' MM 1    !     1 MM M  i  j : : ! M MM   

0 

R 

c 
i  i  !   • 
in! 
!     !     '     1 

hi! 
i i i i | 1   i 

J  

i    |     M 
! ! M 

i  !  ; 

ilii M ' i MM ',,'.  i MM 
.   c 

CO 

O 

o 
z 
< 
C/3 

1 

i            ' 

i  1  !  ■>  M  i  !  : 

T"      ■ 
l.i.i 
till Mil |    |    j    : 

i.l                 ■     !    1    '     ■ 

i     M     i     |           M     1    |    !     M     : 

1  

1   . ■ ■ 
i    Mi 

  

1 
u-i 
o \    j  ; ;   j   |   i MM MM 

i   i   i 

MM 
i     i     j     : :  ;  1 MM Mi! MM 

6 
Z VÜ 

i   1   i   I 
1     !     '     ' 

j j j 

T ~ I 
i 
1    < 
1    i MM MM 

1 i! i M  ! i 
MM IN! ! ; : I 

:    ;    i    i 
1                 ■ 

MM 
■i  

o 

o 
C 

O 
U    XJ 

CJ 

■H 

Q)     C3 

•a 

.= 1 re 
001   Ml 

^    U-I 
o     1 

_,   aj 
rH      CJ 
•H     C3 

CO     1-4 

ai   --J 
E    S 
c 
CO    s 

.    o 

<  -n 

5 —1 
CO 

S3 

J-J   ai   a) 

—    4J     M 
£■ •"  re 
£  o  i-i 
(8   S >w 

CO 

\        :    1    •    i 

L       '   ' 
1  ... ' 

MM ! 1 ! 

I 

.    :    :    ■    |    :    ■ 

II  i  1 1. 1  !  M 

!                     ■      ' 

;   ;   !   ! ; M i 
1  1      ■  ■ 

:-  M  1 

1 

i M : 
  

G
eo

te
l 

P
ro

je
c 

; T ■ MM i M i 1 ' ; MM 1 1 M MM MM ;   1      i 

ii\l 
ii i i 
Mi! .     |     :     ! 

1 III; 
i .   t 

Ml MM 
! ! ! I 

I 

i 

■M j i | j 

F—■  

Mil 
;   i   i   I MM 

i 

i  

o 
  s 

B
U

TI
O

N
 

12
  

fe
e
t 

5 
05 

\    i    ■     ■     ■ 
1—■—\ 

■  !  :  ■■  ! \i  :  • MM 

i • 
L^ : ;—u i——— 

i ' •      ■''!■:_■! 

M 1     1 i M i | i i ! ! |  ■  : M !   :   I   ! i   :   i   i 

>\\> '■     i   \ MM 1 j |jM 
;         1    ' 

MM 
;            ;     1 Ml: I   ■   '   ' MM : 

D
IS

TR
I 

,  
  
 1

0 
- 

;   1   : 

MM 
 1 

; i i Is 

.MM 
M   !       1 
Sji      I 

i    ■ 

!; ll 
  

1 ; i 

I i ; 
1      :     ; 

•Ml 
Mil MM MM 

MM 
5 
d 

N
-S

IZ
E

 

)  
   

 D
en

ll 

> 

■ 

1    ;    : .   i   . MM MM 

sq——r 

MM :   :  i  1 

t 
■     .     1    ■     M     :     ■■     ■ 

M i ! | i ; ! ' 1   ;   j   : 

1     1     i 
!   i   : ; i M iii MM M | ! MM> Mil MM MM Mil 

iii! 

< 
e 

^^ 
n 
O 

l 

: i ' 
:  i   !   i 
■   1   !   ! 

MI; 
!   1   1 

! 1 ' ■ 
1 
nil i i 

i ■ 

III! 
!lM M 

 -X 

\M i   •   < 

Mi' 
MM 
I M i 

i ! | j 
o 
o 
d 

d 
Z 
.03 

<  ■ 

-J   - 
O ■   ■■   ■   • 

■   1   |   i 

I    •         1 

i   i   !   i MM MM MM 

1 

Mil i  MM 
'           :     ■     1 

!   i   !   1 ;   .   ;   ; . I i , 

j   ! j j  |  |  ! MM i 11 MM MM MM 1 
I 

i ! MM ■ ' i i 
Ml' 

2 
£ 
CD Nil Mil 

MM Ml III! 1 i 1 ! i M 1 Ml 
i ■ i i 

MM 
■ i j 

MM o 
u. 

10C 9( 3         8C 7 0 60 5( 3 4 0         3C ) 2C )           1C 0 o 
d 

s   : 

l   i 

PERCENT FINER (by weight) 

FIG. 



Geotek Engineering Company, Inc. • 8321 Oak Ridge Hignway ■ Knoxviile. Tennessee 3793: 
(615) 690-0128 • Fax (615) 691-9858 

I 
: 

•U 

< < 

— J  . 

o 

u-i 

I 1 
!  i 

in CM o: o 

c o! -cj -«■ 
(si rr-c- 

1    1 

II   II   II   II 

•5 8    © 
J.B5  NJ: 

§ 5= « 
a to en w 
v5 ^5 -^ ^5 o^  o*- e~-  C~- 

o 
<j 

-J 
UJ 
> 
< 
E 
G 

1   !   ' 
! .   .   \ ■■■<■■ t ■ , 

■ ! 1 ■ | ; i : j | u < 

;        .     i 

:   ;1 ..;|.   ■!■■■ 
i   ■  •   •  ■ 

I 

■ill 

- 

<■ 

'      i     i      : ;   !   i   : |     i M  :   : 
: ■■ : I MM MM i      ;  i ;! 11 9 

C 
R 
c 

;   ;   i  i 
; M i Hii 

.j— 

j 1 
;  i 

1 

i 
i 

_i  

i    > MM Mi! I   M   I 
i M i 
| j j ! 

J  

1 Hi I     i !  ! 

I     !     !     I 
1     ;     J     1 !lli O 

CO 

O 

a 
z 
< 
CO 

\   !   i   • 

i    i ... i. 

1    :    :    '   •   1    •    ' 

i 1 ! ■' 1 i ! ! ! | ! ! ! 

i ; 1  
(                       i 

! ■ ' • : 1 
i  ;  ! i | i : i ! 

„,i_ 
.     :    |    i          ■     '■ 

:  ;  :  ! I 1 : 1 ! •   :   i   i 
i    ■ : •   - 

\i I 1 MM Ml ! MM MM MM !!ii I'll MM 

6 
Z 

o 

\ • ill! 
i   1   i   ; 
: i ■ ■ 

M i Ill: 
—1 :  

!!!l MM MM 
!  !  ;  : III!- 

i  

;     .     r     ! 

I  

Mil 
o 

0 
3|=! 
o   e 
^   =! 
.a  =c; 

— "M to i—! 

. : ■  \   •  • 1—r^-: 
■•  ■  ■ ■ 1 \ ■  ■   ■  i  ' • i 

:   :   !   1   I   A  '   ■   1   M   1   i 

i        1—  

i    •    •         |    : 

. .     . r":  ' 
M    - 

i   I 1     ;     ■     j :  !  !  ! 
_^__   o 

G
eo

te
l 

P
ro

|e
c 

: 1 i 1 |\i MM i   I   ;   . 
] i ! : MM MMMM! MM MM MM r 

3   -u 
C   - 
i-i   a 

01   c 
.     >%!_ 

JJ      «10 
01 -ci u 
01   c   u 
M  a - 

N            C 
-i    01    o 

i 
i 

1 
: ! 1 i 
' i l! 

i i i \ 1 j 

! i i r\[ ] 
 \.. 

1   1   1 
i i 1 : 

MM 
-1 1 

i    j    <    1 

M M 
MM 
Mi I 

i  

mi i i 
1 i 1 

i 

i i i i 

MM HII 
r 
z 

—       f- 
O            U. 

,  3      «e 

Z 
o 

C/5 

' ^-V i  
I      ■      ■      ■              l       V ■      :      ■      l                                   l 

—.j:..;. A; ; i:. ■  ;—- 
. .          i ■ 

' :  
■   I   ■       :  i 

i   ■   ,   .   . 

:               f   -   -   ■   ■ 
< 

H ■ i I 1 M ! : | ! i\ 1 ; ! ;•    I ;-; ! i <  ■  :  i ; i i i M ! ! ' ;  ■  i  i | ■ : 1 1 I "■ 

O 
i i  j I     i     i     ! 

:   i   '   : M i PkM : MM I : i i 
I'M MM MM MM 'Ml 5   c 

c 
I-             « 
03 

5 
W 

N                    < 
CO 
i                      <■ 

z               £ 

1    -u       1 

D  -H    Cl 
-i •—I       i 

«! 
«   Cl 

£ P-  si 

?S i! 

■ i 
j 

1 
1 Nil 
 ;  

III ! ! ! N 
Mi ! ! M 

^•^_—i 

i 
] 

!    1 

i    1 
! 

M 
 L 

I 
j MM ! 

MM 
  

I! i 
a    Z 

c 

O            ~ 
6 

:   1 

■  1 i 

i 

•   1   .   i   :   : 

I 1 M 1 = 
—■    '    '   i 

1 
1     • 

!     I     -            |:      :     '     ■ 

i 1 ! . 1 1 i 1 i j : : j 

■   ■   ■   ■  1 :  
I 

:      ,      •      M      :     •     i      ' 

\M 1 i   ■   :   1 !  i 

T i ;   1   ;   . 
■ 1  i : MM MM Ml MM '   \   ■ 

1    '   A: 
j ; i 1   !   1   i ! ! 1 

< 
c 
C5 

c 

c 

T        | — 

a .£ n 
—< —i 
J£""3 
u S 

0   0 
JO'S 

= E c 
15 CO  - 

'   i   1 

■ill 
i j l ! 
III! Nil i | 

! 1 : 

!'■ 
-i ; - 

Nil 
1   ;   ,   ] 

 k 

j ! :\ 
j  !  i  |\ 

 L 

MM 
 r 

MM 
m 

o 
o 
6 

—1   ■ 

i 1 i 

■   ;          l 

i   !   i   i 

i   ■   i 

■Mi 

1       •   ■        ! 

1 1 i - l    :   i   ' 

!  1 ; L 

i   i   i   i  |  II  M Mil i 11 i 

* 
-» 

i i i i j       | | ! Mi i ! MM | j MM i | 

2 
1 
( 

c M MM MM i 
i       1 i 

1 

: 
l 
i || 

I 
1 
i 

Ml ill MM i 
i 
i 

o 
u. 

10C 9C 3 8C ■ 70 6C ) S( 3 4 3 30 2C 10 0 o 
6 

PERCENT FINER (by weight) 

FIG. 



Geotek =ngineering Company. Inc. • e321 Oak Riage Hignway • Knoxville. Tennessee 37931 
(615) 690-0-, 28 • Fax (615) 691-9858 

a 
a 

00 
CN 
o 
«c 
m 
C\ 

« 
0 u 
z 
Ü 
o 
0 3 > 

JC ** 
01 u 

a> 

SI 
C5   o. 

Z 
o 
D 
CD 

E 
co 
5 
ui 
N 
55 ■ z 
< 
c 
Ö 

100 90 80 70 60 50 40 30 
PERCENT FINER (by weight) 

20 10 

o 
o 

0  9 o 

FIG. 



8608 Charles Towne Court 
Knoxville, TN 37923 
May 2. 1995 

Mr. Alan Khonsari 
GEOTEK Engineering Company 
8321 Oak Riege Highway 
Knoxville, TN 37931 

Dear Mr. Khonsari: 

lhave analyzed the soil sample (sample number OTSBO4D10, hole D, 10' - 12") you submitted on April 
25 1995 using X-ray diffraction. Approximately 1/2 of the core segment was gently crusned and 
disaggregated in distilled water. A few drops of dilute ammonium hydroxide were added to keep the clays 
dispersed A relatively large amount of coarse material (altered rock fragments, etc.) was noted, i he 0.5 
to 2 micrometer fraction was separated by settling from the dispersed state and by centrifugation. 

Two elutriated slides (oriented slides obtained by settling from a water suspension) were prepared and X- 
raved from 2 to 40 degrees two theta. The patterns (which are virtually identical) are illustrated in Fig. 1 
(BO4D10A) and Fig 2 (SO4D10B). The peaks at 7.23 and 3.57 (peaks are given in angstrom units) are 
due primarily to kaolinite and possible vermiculite. The peak at approximately 14.47 may result from either 
vermiculite and/or one of the members of the smectite (formerly montmorillonite) group. No evicence was 
found for iilite which is a common clay mineral (especially in soils formed as a result of limestone 
weathering). The XRD pattern shown in Fig. 1 was expanded (see Fig. 3) to ascertain that no peak was 
present in the vicinity of 10.0 (approximately 8.9 degrees two theta). 

In order to determine the clay minerals more precisely, one of the slides (BO4D10A) was heated to 550 
degrees C for one hour (see Fig. 4) and the second slide (BO4D10B) was saturated with ethylene giycol 
(see Fig 5) Fig 4 reveals that the peak at approximately 7.23 has disappeared (and the peak at 
approximately 3.57 is almost gone), which is typical of the mineral kaolinite. The peak at 14.47 has shifted 
to approximately 10 35 which is characteristic of vermiculite and to a lesser degree of smectite minerals. 
Fig 5 reveals that the peaks at 14.47, 7.23 and 3.57 are unaffected, which indicates that neither smectite 
minerals nor halloysite are present (the latter two minerals would have shown some signs of expansion). 
The orange-brown color of the clays suggests the presence of minor oxidized iron compounds (oxides, 
hydroxides oxyhydroxides, etc.), but no attempt was made to determine their mineralogical compositions 
here Some of the lines in the range from 2.68 to 2.28 may result from these iron oxides. The relatively 
sharp peaks at 4.27 and 3.35 belong to quartz, which is very common in soils, even in the clay size 
fraction. 

Based on my analyses, the major clay mineral present is kaolinite. Also present are lesser amounts of 
vermiculite and quartz. No evidence was found for iilite or smectites. In some respects, the mineral 
content of this sample is different from that of many residual soils developed on top of carbonate strata in 
East Tennessee. These soils often contain residual iilite and when deeply weathered may contain other 
clays, such as hydroxy-interlayered vermiculite, etc. 

Respectfully submitted. 

* 

Otto C. Kopp 
Registered Geologist, State of Tennessee TN0575 
Attachments: Figures 1 through 5 
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BORING LOGS - SITE 1 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB04A 

6" HSA 
Powers, Carney 
4/20/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 

* 

0_ 
ÜJ 
o 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, grass (root zone 0.2') 
Topsoil; 0.0' - 0.2' 
SILTY CLAY, 2.5 YR 5/4 - 5/6, reddish brown, 
mottled red, trace of weathered chert fragments, trace 
of roothairs to 0.5' 

cuttings: Clay, 2.5 YR 6/6, light red 

CLAY, 2.5 YR 6/4 - 6/8, light reddish brown and red 
w/occasional light brownish yellow silt inclusions, 
trace of chert fragments and brown oxide nodules 

cuttings: Clay, 5 YR 6/6, light reddish yellow 

CLAY, 5 YR 6/6 - 6/8, reddish yellow w/trace of 
brown sift inclusions and occasional light brownish 
yellow mottling/dark brown oxide material at 11.7' 
12.0' 

cuttings: Clay, 7.5 YR 6/6, tannish yellow 

CLAY, 7.5 YR 7/6 - 6/8, tan and light yellowish brown 
w/dark brown and black iron oxide nodules and yellow 
silt inclusions 

cuttings: Clay, 5.0 YR to 7.5 YR 6/4 - 7/8, reddish 
yellow and yellowish brown 

CLAY, 7.5 YR 6/6, reddish yellow to light yellowish 
brown w/few brownish yellow silt inclusions, iron 
oxide nodules and subangular chert (<1 %) 

cuttings: Clay, 7.5 YR to 10 YR 5/8, strong brown 
and yellowish brown 

& 

1 

1 

SOIL DATA 
Blow Count 

■D 

.C 

(Ö 
o 
a. 

5 
6 
7 
8 

5 
4 
4 
7 

8 
13 

4 
6 
8 
8 

m   — 

>   £ 

13 

14 

14 

13 

CORE DATA 

o o 

o 
c 

> o u o 
K 

Q 
O REMARKS 

Boring Location: 
15" E 150' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04A 
6" HSA 
Powers, Carney 
4/20/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
ID 
Q 

DESCRIPTION 

I 

SOIL DATA 
Blow Count 

£ 

o 
a. 

LU ~ 
Z> a: 
_J n 

> o 
2 rD 

CORE DATA 

o 
u 

OB 
c 
0 

Q 
O REMARKS 

CLAY, 5 YR 5/6, yellowish red w/occasional red silt 
inclusions, few black iron oxide nodules, no evidence 
of chert fragments, no detectable odor 

- 30 - 

4 
5 
7 
10 

12 

- 35 - 

- 40 - 

- 45 - 

End of Auger 

Advancement 25.0' 

No Water Encountered 
End of Split barrel 
sampling 27.0' 

True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 25.0' 
Cave in 0.0' 

Soil Boring grouted 
4-20-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.5 bags 
cement used 

N = Standard Penetration, S = Shelby, A = Auger 

GE0TEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04B 

6" HSA 
Powers, Carney 
4/20/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged by: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

LU 
Q 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, grass (root zone 0.2') 
Topsoil w/roothairs; 0.0' to 0.5* 
CLAY, 2.5 YR 4/6 - 5/8, red, some silt, trace of 
roothairs and brownish yellow silt inclusions 

cuttings: Clay, 2.5 YR 4/6 
no organic odor or chert 

4/8 red. 

CLAY, 7.5 YR 4/6, strong brown, 5.5' to 6.27 
CLAY, 10 YR 6/4, light yellowish brown w/silt, 6.2' to 
7.0', mottled red w/occasional brownish yellow silt 
inclusions 

cuttings: Clay, color change to 2.5 YR 5/8, red @ 
9.0', trace of chert fragments up to 1/2" in size @ 
9.0" 

CLAY, 2.5 YR 6/6 - 5/8, light red to red w/occasional 
brown and brownish yellow silt inclusions, dark oxide 
nodules and weathered chert fragments 

cuttings: Clay, 2.5 YR 4/8, red 

CLAY, 2.5 YR 5/6, red, high plasticity, trace of 
reddish yellow silt and few iron oxide nodules 
Black oxide nodules from 15.8' to 15.9' 

cuttings: Clay, 2.5 YR 4/6 - 5/8, red, little evidence of 
chert/color change to 7.5 YR 5/6 - 5/8, strong brown 
from 19.0' - 20.0', no organic odor 

CLAY, 7.5 YR 5/6, strong brown w/brownish yellow 
mottling and black weathered chert or oxide fragments 
up to 3/8" in size, highly plastic 

cuttings: Clay, 2.5 YR 5/4 - 5/8, reddish brown to red 

I 

I 

1 

1 

SOIL DATA 
Blow Count 

■o 

(6 

4 
11 
10 
7 

6 
4 
3 
4 

3 
7 
7 
14 

6 
6 
8 
13 

ID S 

—1 n 

$ $ 
> o 
Z £ 

21 

14 

14 

CORE DATA 

o 
O 

a c o 

# 

> 
o 
u 
to 
E 

a 
a REMARKS 

Boring Location: 
15* E 125'N, ITSB04in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Soft drilling from 5.0' to 
7.0' due to silt lens from 
6.0' to 6.7' 

No recovery from 15.8' to 
17' due to black oxide 
fragment 
1 112" in size trapped in 
spoonhead 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04B 
BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Carney 
DATE DRILLED: 4/20/95 
Logged by: R. Sherrod/T. McGill, P.G. 

a. 
UJ 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

■o 

d 
(6 
o 
a. 

UJ ~ 
D a; 
_i n 

5i $ 
> o 

CORE DATA 

o 
O 

c 

# 

REMARKS 

CLAY, 5 YR 5/6 - 5/8, yellowish red, few black oxide 
nodules and occasional brownish yellow silt inclusions 

2 

- 30 

- 35 - 

- 40 - 

- 45 - 

3 
3 

7 
10 

10 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 19.0' 
Cave in 6.0' 

Soil Boring grouted 
4-20-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB04C 

6" HSA 
Powers, Carney 
4/21/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

Q. 
Ill 
D 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, grass 
Topsoil w/roothairs; 0.0' to 0.3' 
CLAY 7.5 YR 5/6 - 5/8, brown to light reddish brown, 
trace of chert fragments, roothairs, brownish yellow 
and gray sift inclusions 

cuttings: Clay, 7.5 YR 5/6 - 5/8, strong brown to 5 
YR 5/8, yellowish red 

CLAY, 7.5 YR 5/8, strong brown to 7.5 YR 6/8, 
reddish yellow, mottled red and light gray, trace of 
chert and brownish yellow sift pockets, no odor 

cuttings: Clay, 7.5 YR 5/8, strong brown to yellowish 
red 

CLAY, 7.5 YR 6/6, reddish yellow, mottled brownish 
yellow and light gray, trace of red mottling, no odor 

cuttings: Clay, 7.5 YR 6/6, reddish yellow 

CLAY, some sift, 5 YR 6/4, light brown w/red 
mottling, 2.5 YR 4/6, occasional dark brown and black 
inclusions, trace of gray silt inclusions 

cuttings: Clay, 7.5 YR 5/6 - 5/8, strong brown 

CLAY, some sift, 7.5 YR 5/6, strong brown to 5 YR 
6/8, reddish yellow, trace of iron nodules and chert 
fragments, mottled throughout w/red and orange silt, 
slight sweet odor 

cuttings: Clay, 5 YR 5/8, yellowish red to 7.5 YR 5/6, 
strong brown 

1 

1 

1 

1 

SOIL DATA 
Blow Count 

-a 

O a 
1 
1 
3 
4 

4 
5 
5 
7 

2 
4 
4 
6 

HI ~ 
r> «: 
—i » 
< i 
> £ 

12 

10 

CORE DATA 

o 

a 
c o 

> 
o o 
tc 

D a REMARKS 

Boring Location: 
15' E 100' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

soft drilling from 24.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04C 
6" HSA 
Powers, Carney 
4/21/95 

Logged By: R. Sherrod/T. McGill, P.G. 

I 
H 
Q. 
UJ 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

_i    n 

Si    5 
>   .2 

CORE DATA 

o u 
a c 

REMARKS 

- 30 - 

- 35 

CLAY, 7.5 YR 5/6, strong brown, trace of iron oxide 
nodules, occasional silt inclusions and reddish brown 
streaks, highly plastic 

^ 

- 40 - 

- 45 - 

2 
1 
4 
6 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 18.0' 
Cave in 7.0' 

Soil Boring grouted 
4-21-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonrte with 5.0 bags 
cement used 

* 

Page 2 of  2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

-   5   - 

- 10 - 

x 
r- a. 
Q 

- 15 - 

20 - 

DESCRIPTION 

Vegetative Cover, grass, no gravels 
Topsoil; 0.0' to 0.5' w/limestone gravel 
CLAY, some silt, 10 YR 5/8 - 6/8, yellowish brown to 
brownish yellow w/trace of chert fragments and 
crushed limestone 

cuttings: Clay, some silt, 7.5 YR 6/8 - 5/6, reddish 
yellow to strong brown, chert up to 1 /4" in size from 
4.0' to 5.0' 

CLAY, some silt, 7.5 YR 5/6, strong brown, mottled 
red and brownish yellow w/few chert fragments, trace 
of brown oxide nodules, slight sweet odor 

cuttings: Clay, some silt, 2.5 YR 6/4 to 7.5 YR 5/6, 
light reddish brown to strong brown 

SILTY CLAY, 7.5 YR 6/8 to 10 YR 5/8, reddish yellow 
to yellowish brown, mottled 2.5 YR 4/8, deep red 
w/trace of chert fragments, slight sweet odor 

cuttings: Clay, some silt, 7.5 YR 6/8 - 5/6, reddish 
yellow to strong brown 

CLAY, some silt, 7.5 YR 6/6, reddish yellow, mottled 
7.5 YR 6/4, light brown w/trace of black oxidized 
nodules and yellow silt inclusions, slight sweet odor 

cuttings: Clay, 7.5 YR 6/6, reddish yellow, no 
observable chert fragments 

CLAY, little silt, 7.5 YR 6/6 to 7.5 YR 5/8, reddish 
yellow to strong brown w/brown inclusions, mottled 
7.5 YR 7/2, pinkish gray, medium plasticity, no odor 

cuttings: Clay, 7.5 YR 5/6, strong brown w/dark oxide 
"  inclusions up to 3/4"  in size 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04D 

6" HSA 
Powers, Carney 
4/21/95 

Logged By: R. Sherrod/T. McGill, P.G. 

1 

1 

SOIL DATA 
Blow Count 

■o 

10 

3 
2 
4 
6 

3 
4 
4 
6 

2 
4 
6 
6 

uj — 
3 a; 
—i 01 
< 5 > ° 

11 

14 

10 

CORE DATA 

o u 

a 
c o 

Q 
a REMARKS 

Boring Location: 
16' E 72' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04D 

6" HSA 
Powers, Carney 
4/21/95 

Logged By: R. Sherrod/T. McGill, P.G. 

o. 
LU 
o 

DESCRIPTION 

- 30 - 

- 35 - 

CLAY, little silt, 7.5 YR 5/4 - 5/6, brown to strong 
brown w/dark brown oxidized nodules, mottling 
throughout, moist from 26.0' to 27.0', no odor 1 

- 40 

- 45 

SOIL DATA 
Blow Count 

•a 
£ 

CO 

3 
6 
5 
8 

>   £ 
z £ 

CORE DATA 

11 

o o 

a c 
CD 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

Q 
O 
tr 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 19.0' 
Cave in 6.0' 

Soil Boring grouted 
4-21-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04E 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Carney 
DATE DRILLED: 4/21/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

* 

-4. 

Q. 
LU 
Q 

10 - 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, grass over gravel 
Topsoil; 0.0' to 0.5' w/limestone fragments 
no recovery from 0.5' to 2.0' due to limestone in 
spoonhead 

cuttings: Clay, 2.5 YR 6/8, red, trace of chert and 
limestone fragments 

CLAY, some silt, 2.5 YR 5/8 - 6/8, red to light red 
w/trace of limestone fragments, trace of chert 
fragments, and occasional brownish yellow silt 
inclusions 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red w/trace of chert 
fragments 

CLAY, some silt, 2.5 YR 4/8 - 5/8, red, mottled yellow 
w/trace of limestone, weathered chert fragments up to 
3/8" in size, no odor 

cuttings: Clay, 2.5 YR 4/8, red 

CLAY, some silt, 2.5 YR 5/8, red, trace of weathered 
chert fragments, trace of iron oxide nodules, high 
plasticity, slightly moist, no odor 

cuttings: Clay, 2.5 YR 4/8 - 5/8, red, trace of 
yellowish white chert fragments 

CLAY, 2.5 YR 4/8 - 5/8, red from 20.0' to 20.3', 
trace of chert/ 
CLAY, some silt, 10 YR 6/6 - 6/8, brownish yellow 
w/trace of dark brown silt inclusions, slightly moist, 
high plasticity, no odor 

cuttings: Clay, 5 YR 6/8, reddish yellow 

1 

1 

SOIL DATA 
Blow Count 

o .> 

CO 

o a 

3 
6 
10 
4 

3 
5 
8 
12 

4 
7 
7 
18 

2 
4 
5 
10 

<  s 
>   2. 
■z £ 

16 

13 

14 

CORE DATA 

o u 

a 
c o 

Q 
a 
tr 

REMARKS 

Boring Location: 
17'E50" N, ITSB04in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Soft drilling to 25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB04E 
6" HSA 
Powers, Carney 
4/21/95 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

I 
r- 
o. 
ai 
O 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
V) 
a 
a. 
E 
a (/) 

Blow Count 

•a 
£ 
o o 
X 
o 
c 
o 
_l 

6 
> 
> 
o 
o 
o 

DC 

O o 

o _> 
-6 

CO 

s 
a. 

N
-V

A
LU

E
 

(b
lo

w
s/

ft
) 

-i
 

1 
1 

1  
  
  
  

i 
1 

1 
 

CO
 

o
 

CLAY, 5 YR 5/8 - 6/6, reddish yellow, moist w/dark 
brown oily glistening organic substance @ 26.0', 
localized in pinkish white clayey silt deposits within 
clay, sweet organic odor 1 

N 2 
2 

"   3   " 
6 

5 

End of Auger 
Advancement 25.0' 
Water encountered 24.0' 
@ 1805 hrs 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 24.5' 
Cave in 0.5' 

- 35 - -      - 

Soil Boring grouted 
4-21-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

- 40 - -      - - 

- 45 - -      - - 

- 

- 

- 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04F 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/24/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
H- 
Q. 
tu 
Q 

DESCRIPTION 

-   5 - 

- 10 - 

4. 
» 

-  15 - 

- 20 - 

Vegetative Cover, high grass 
Topsoil w/roothairs; 0.0' to 0.4' 
CLAY, some silt, 7.5 YR 5/4 - 5/8, brown to strong 
brown w/trace of limestone and chert fragments 

cuttings: Clay, 7.5 YR 5/6 - 5/8, strong brown 

CLAY, some silt, 7.5 YR 5/6 - 5/8, strong brown 
w/trace of chert and limestone fragments 

cuttings: Clay, 5 YR 5/6 - 5/8, yellowish red, trace of 
chert 

CLAY, some silt, 5 YR 5/6, yellowish red w/few chert 
fragments, trace of iron oxide nodules, and occasional 
brownish yellow silt inclusions, no odor 

cuttings: Clay, 5 YR 5/6 - 5/8, yellowish red 

CLAY, 5 YR 5/8 - 6/6, yellowish red to reddish yellow, 
few chert fragments, occasional red streaking 
w/brownish yellow silt inclusions, noticeable sweet 
odor 

cuttings: Clay, 5 YR 5/8, yellowish red, few chert 
fragments, strong sweet odor 

CLAY, some silt, 5 YR 5/8, yellowish red, mottled red 
and brownish yellow, few chert fragments, trace of 
limestone fragments, very strong sweet odor 

cuttings: Clay, 5 YR 5/8, yellowish red, moist, strong 
sweet odor 

1 

1 

SOIL DATA 
Blow Count 

•a 

(6 

4 
5 
5 
7 

3 
4 
4 
4 

5   5 
>   £ 

14 

10 

10 

11 

CORE DATA 

o 
u 

a c 

<£ 

> o u a 
K 

D 
a REMARKS 

Boring Location: 
17'E25'N, ITSB04in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Harder drilling from 22.0' 
to 25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB04F 

6" HSA 
Powers, Hackworth 
4/24/95 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

♦J *- 

SOIL DATA CORE DATA 

CO 

Blow Count 

-D 
CO 

£ CO 

I 
r- 
Q. 
LU 
Q 

DESCRIPTION 
CO 

a 
E 
CO 

V) 

■5 

CO 

CO 
a. 

N
-V

A
LU

E
 

(b
lo

w
s/

ft
: 

o 
O 

o 
c co 

_1 

>• 
o > 
o 
Ü 
CO 

o a REMARKS 

CLAY, some silt, 5 YR 5/6, yellowish red w/streaks ^ N 2 
2.5 YR 4/6, reddish brown, trace of chert fragments. % 3 

- 

high plasticity, slightly moist, strong sweet odor 1 "   3   " 

2 

6 

End of Auger 
- 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 

- 30 - ™      ■■ auger removal 25.0' 
True plumb depth after 

■ 

- - auger removal 20.0' 
Cave in 5.0' 

■ 

Soil Boring grouted 
4-24-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 

- 35 - (Dixie Type 1); 
3 lb quick gel high yield 

~ 

. bentonite with 4.8 bags . 

- 
cement used 

- 

- 40 - -      - - 

- 45 - -      - - 

- - • 

i. 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04G 

6" HSA 
Powers, Hackworth 
4/24/95 

Logged By: R. Sherrod/T. McGill, P.G. 

-   5  - 

- 10 - 

Q. 
LU 
D 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, high grass 
Topsoil; 0.0'to 0.5' w/limestone fragments 
CLAY, some silt, 5 YR 4/6, yellowish red w/few chert 
fragments up to 3/4" in size 

cuttings: Clay, 5 YR 5/6 
fragments, no odor 

yellowish red, few chert 

CLAY, some silt, 5 YR 5/6, yellowish red, trace of 
chert fragments, occasional brownish yellow silt 
inclusions 

cuttings: Clay, 5 YR 5/6 - 5/8, yellowish red w/trace 
of chert fragments, slight sweet odor 

CLAY, some silt, 5 YR 4/6 - 5/6, yellowish red 
w/occasional brownish yellow silt inclusions, trace of 
iron oxide nodules and chert fragments, slight sweet 

odor 

cuttings: Clay, 5 YR 5/6, yellowish red 

CLAY, some silt, 5 YR 5/6, yellowish red w/few black 
oxide nodules, trace of chert, some red streaking, high 
plasticity, slight sweet odor 

cuttings: Clay, 5 YR 4/6, yellowish red to 2.5 YR 5/8, 

red 

CLAY, 5 YR 5/6, yellowish red to 2.5 YR 5/8, red, 
trace of chert fragments, slightly moist, high plasticity, 

slight sweet odor 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red, no odor 

li 

SOIL DATA 

Blow Count 

10 

2 
3 
4 
6 

4 
7 
9 
13 

4 
8 
12 
14 

5 
6 
8 
10 

4 
6 
6 
7 

_l      CO 

>   3. 
Z  £ 

16 

20 

14 

12 

CORE DATA 

o u 

a 
c o 

> o o n 
tc 

o a 
tc 

REMARKS 

Boring Location: 

6" W 60' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 

2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB04G 
6" HSA 
Powers, Hackworth 
4/24/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LU 
Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

o 

■5 
_c 
(6 >   J2 

CORE DATA 

o o 

a 
c u 

Q 
Ö REMARKS 

CLAY, little silt, 2.5 YR 5/8, red, trace of chert, 
black oxide nodules, high plasticity, no odor 

few 

-   30 - 

- 35 - 

1 

- 40 - 

- 45 - 

4 
4 
6 
7 

10 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 18.0' 
Cave in 7.0' 

Soil Boring grouted 
4-24-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

1 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04H 

BORING TYPE:   6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/24/95 
Logged By: R. Sherrod/T. McGill, P.G. 

LU 
O 

DESCRIPTION 

SOIL DATA 
Blow Count 

(0 

UJ "Z 
D *; _l n 
3: * > .2 
z £ 

CORE DATA 

o o 

a c 

# 
REMARKS 

-   5  - 

- 10 - 

- 15 - 

- 20 - 

Vegetative Cover, very high grass 
Topsoil; 0.0' to 0.3', brown w/roothairs 
CLAY, 2.5 YR 4/4, reddish brown, 0.3' to 0.57 
CLAY, 2.5 YR 4/8, red, chert fragments up to 3/4" in 
size, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6, red, trace of 
chert fragments 

CLAY, some silt, 2.5 YR 4/6, red, mottled brown, 
trace of chert, occasional brownish yellow silt 
inclusions 

cuttings: Clay, 2.5 YR 4/6 
fragments (< 1 %) 

5/8, red, trace of chert 

CLAY, 5 YR 5/8, yellowish red w/few brownish yellow 
silt inclusions, trace of chert fragments up to 1 /4" in 
size, no odor 

cuttings: Clay, 5 YR 5/6 - 5/8, yellowish red, no odor 

CLAY, some silt, 7.5 YR 5/6, strong brown, crushed 
limestone layer 16.5' to 17.0', trace of chert 

cuttings: Clay, 5 YR 5/6, yellowish red, chert 
fragments up to 3/4" in size, high plasticity 

CLAY, some silt, 5 YR 5/6, yellowish red w/few 
weathered chert fragments and trace of iron oxide 
nodules, high plasticity, no odor 

cuttings: Clay, 5 YR 5/6, yellowish red, trace of chert 
fragments up to 3/4" in size, slight sweet odor 

1 
3 
6 
9 

11 

3 
6 
9 

11 

4 
8 
9 

11 

5 
7 
12 
20 

Boring Location: 
6' W 37" N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

15 

15 

17 

19 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB04H 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/24/95 
Logged By: R. Sherrod/T. McGill, P.G. 

4-* 
M— 

X 
r- 
CL 
UJ 
Q 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
CO 
CO 

Q. 

E 
eg 

Blow Count 
»*• 

£ 
o o 
X 
cs 
c cs 
_l 

s 
>■ 

o > 
o o o 

a 
a 
tc 

cs _> 
•5 
,c 
to 
a 
a. 

in  ~ 
3   *: 
_j    a 
<  i 
>    o 
z £ 

- 30 - 

CLAY, 5 YR 5/6, yellowish red, mottled and streaked 
2.5 YR 4/6, red, trace of chert fragments, red clayey 

silt inclusions, moist, slight sweet odor 1 
N 3 

4 
"   7  " 

10 
11 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 17.0' 
Cave in 8.0* 

_ 

CO
 

-     - 

Soil Boring grouted 
4-24-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.0 bags 
cement used 

- 

- 40 - -     - - 

- 45 - -     - - 

- 

- 

- 

V 
•• 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

-   5   - 

- 10 - 

* 

I 
i- 
UJ 
Q 

- 15 - 

- 20 

DESCRIPTION 

Vegetative Cover, high grass and weeds 
Topsoil; 0.0' - 0.4' w/limestone gravel 
CLAY, some silt, 5 YR 5/4, reddish brown, 0.5' - 1.07 
limestone fragments 1.0' to 1.57 
CLAY, some silt w/crushed limestone, 10 YR 5/3, 

brown 

cuttings: Clay, 5 YR 5/3, reddish brown to 5 YR 4/6, 

yellowish red 

CLAY, some silt, 5 YR 5/8, yellowish red, mottled 10 
YR 6/6, brownish yellow w/weathered chert 
fragments throughout 

cuttings: Clay, some silt, 5 YR 5/6, yellowish red, 
trace of weathered chert fragments, no odor 

CLAY, some silt, 5 YR 5/6, yellowish red w/occasional 
brownish yellow silt inclusions and trace of weathered 
chert, high plasticity, moist, no odor 

cuttings: Clay, 5 YR 5/6, yellowish red, trace of chert 
fragments up to 3/4" in size 

CLAY, some silt, 5 YR 5/6, yellowish red w/occasional 
black streaking, mottled yellow, trace of chert 
fragments 

cuttings: Clay, 5 YR 4/6, yellowish red, trace of chert 
fragments 

CLAY, some silt, 5 YR 5/6, yellowish red w/trace of 
chert fragments, high plasticity, no odor 

cuttings: Clay, 5 YR 4/6 - 5/6, yellowish red, trace of 
weathered chert fragments, slightly moist, no odor 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04I 

6" HSA 
Powers, Hackworth 
4/24/95 

Logged By: R. Sherrod/T. McGill, P.G. 

1 

I 

1 

& 

SOIL DATA 
Blow Count 

73 

CO 

2 
5 

14 
9 

4 
4 
7 
9 

5 
6 

12 
13 

2 
3 
5 
6 

1X1   S 
D   it 

19 

11 

18 

11 

CORE DATA 

o u 

c 
o 

5 > o 
Ü o tr 

a 
a 
cc 

REMARKS 

Boring Location: 

5' W 85' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04I 
BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/24/95 
Logged By: R. Sherrod/T. McGill, P.G. 

a. 
UJ 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

m 

•5 

z  £ 

CORE DATA 

S o u 
X 
o 
c a 

£ 

> o o o 
CC 

a 
a 
DC 

REMARKS 

CLAY, some silt, 2.5 YR 5/6, red to 5 YR 5/6, 
yellowish red, trace of black oxide streaks, few 
weathered chert fragments, no odor I 

- 30 - 

2 
4 
5 
5 

- 35 - 

- 40 - 

- 45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0* 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.0' 
Cave in 3.0' 

Soil Boring grouted 
4-24-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0' bags 
cement used 

T 
« 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04J 

6" HSA 
Powers, Hackworth 
4/25/95 

Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

LU 
a 

DESCRIPTION 

- 15 - 

- 20 - 

Vegetative Cover, grass on gravel pad 
Topsoil and limestone gravel; 0.0' to 0.4' 
CLAY, some silt and limestone gravel, 2.5 YR 4/6 • 
4/4, red to reddish brown 

cuttings: Clay, 2.5 YR 5/6, red, few limestone gravel, 

trace of chert fragments, no odor 

CLAY, some silt, 5 YR 5/4, reddish brown to 7.5 YR 
5/4, brown w/occasional red inclusions, few limestone 
fragments, and trace of weathered chert, moist 

cuttings: Clay, 7.5 YR 5/6, strong brown 

SILTY CLAY, 7.5 YR 5/6, strong brown w/gray 
limestone dust, yellowish brown silt inclusions, trace 
of chert fragments 

cuttings: Clay, 7.5 YR 5/6, strong brown, trace of 
chert fragments, no odor 

CLAY, 7.5 YR 5/8, strong brown w/occasional grayish 
yellow and brownish yellow silt inclusions, trace of 
weathered chert fragments, medium plasticity 

cuttings: Clay, 5 YR 5/6, yellowish red and 2.5 YR 

4/8, red, no odor 

CLAY, little silt, 5 YR 5/8, yellowish red to 2.5 YR 
5/8, red w/trace of chert fragments and yellow silt 
inclusions, medium plasticity, slightly moist 

cuttings: Clay, 2.5 YR 5/6, red to 5 YR 5/6, yellowish 

red w/trace of chert fragments up to 1/4" in size 

1 

1 

SOIL DATA 
Blow Count 

.> 

£ 
(b 
o a 

3 
5 
7 
13 

8 
10 
12 
12 

5 
7 
9 

11 

_l       CO 

<    5 >   ° 

12 

22 

16 

CORE DATA 

o 
u 

a c 
CD 

> 
o 
o 
o 

REMARKS 

Boring Location: 

35' W 30' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 

2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 1 6.0' to 
25.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04J 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/25/95 
Logged By: R. Sherrod/T. McGill, P.G. 

*-* 

I 

Q. 
IXI 
Q 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
to 

a. 
£ 

Blow Count 
*~ 

O 
0 o 

JI 
o> 
c 
© 

—I 

>■ 

S > 
o 
Ü 
o 

tc 

a 
a 
DC 

> 

£ 
(b 
c 
a. 

UJ   ~ 

—1      CO 

>    o 
Z  £ 

- 30 - 

CLAY, some silt, 5 YR 5/6, yellowish red w/trace of 
chert fragments up to 3/8" in size, occasional yellow 
silt inclusions and trace of iron oxide nodules; black 
oxidized inclusion @ 26.5' 1 

N 5 
7 

"   9   " 
12 

16 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

- 

- 35 - 

- 

Soil Boring grouted 
4-25-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

- 

- 40 - -     - - 

- 45 - -      - - 

- 

- - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: VAAP Site 

Chattanooga, Tennessee 
PROJECT NO.: 95-4098 
CLIENT: TRW 

Arlington, Virginia 

BORING NO. 0TSB04K 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/25/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5 

- 10 - 

» 

X 
I- 

LU 
D 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, high grass over limestone gravel 
Topsoil mixed w/clay and limestone gravel; 0.0' to 
0.5' 
No recovery from 0.5' to 2.0' due to limestone gravel 
trapped in spoonhead 

cuttings: Clay, 2.5 YR 4/4 - 4/6, reddish brown to red 
w/wood fibers and limestone gravel 

CLAY, some silt, 2.5 YR 4/6, red, mottled 5 YR 5/6, 
yellowish red/ 
SILTY CLAY, 5 YR 5/4, reddish brown, 6.8" to 7.0', 
no odor 

cuttings: Clay, 2.5 YR 4/8, red to 5 YR 5/6, yellowish 
red, trace of chert fragments, moist 

CLAY, 2.5 YR 4/8, red, trace of chert up to 3/8" in 
size/ 
CLAY, some silt, 5 YR 5/8, yellowish red w/trace of 
chert and limestone fragments, 10.5' to 12.0' 

cuttings: Clay, 5 YR 5/6, yellowish red w/few chert 
fragments, no odor 

CLAY, 2.5 YR 4/8, red, few weathered chert 
fragments, trace of brownish yellow silt streaks and 
inclusions 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/trace of 
chert fragments, no odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/few weathered chert fragments, trace 
of limestone fragments and trace of iron nodules, no 
odor 

cuttings: Clay, 2.5 YR 4/8, red, few chert fragments 

1 

1 

I 

1 

SOIL DATA 
Blow Count 

£ 
to 
<D 
Q. 

2 
3 
5 
6 

3 
5 
6 
8 

10 
12 

5 
9 

12 
18 

_l      0) 

$    S 
>   .2 

11 

17 

21 

CORE DATA 

o u 

a 
c a 

> 
o o o 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

o a 
az 

REMARKS 

Boring Location: 
34' W 50' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Soft drilling from 7.0' to 
10.0' 

Firm drilling from 17.0' to 
25.0' 

Page  1   of  2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04K 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/25/95 
Logged By: R. Sherrod/T. McGill, P.G. 

X 
H 
Q_ 
LU 
D 

DESCRIPTION 

SOIL DATA 
Blow Count 

LU s 

_l 0! 
< 5 > ° 
Z £ 

CORE DATA 

o o > 
o o 
o 

o 
a REMARKS 

CLAY, some silt, 2.5 YR 4/8, red w/trace of 
weathered chert fragments and iron nodules, 
occasional brownish yellow silt inclusions and gray 
limestone fragments, no odor 

- 30 - 

- 35 - 

- 40 

- 45 - 

1 
3 
7 
11 
17 

18 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0" 

Soil Boring grouted 
4-25-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2  of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04L 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/25/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 

* 

0- 
UJ 
o 

-  15 

-  20 - 

DESCRIPTION 

Vegetative Cover, grass over limestone gravel (0.3' 
clear-off to begin split barrel sampling) 
Topsoil; 0.3' - 0.6' w/limestone gravel 
CLAY, 5 YR 4/4, reddish brown w/few limestone 
gravel and some topsoil 

cuttings: Silty Clay, 5 YR 4/4, reddish brown w/some 
limestone gravel 

SILTY CLAY, 5 YR 4/4, reddish brown w/trace of 
roothairs and some limestone gravel and dust 

cuttings: Clay, 7.5 YR 5/6, strong brown 

SILTY CLAY, 10 YR 5/6, yellowish brown to 10 YR 
4/6, dark yellowish brown w/trace of red silt 
inclusions and gray limestone dust; moist, no odor 

cuttings: Clay, 7.5 YR 5/6, strong brown, slightly 
moist, no odor 

CLAY, some silt, 5 YR 4/6, yellowish red, trace of 
limestone fragments, no odor 

cuttings: Clay, 5 YR 5/6, yellowish red 

CLAY, little silt, 5 YR 5/8, yellowish red w/trace of 
yellow silt inclusions and iron oxide nodules, high 
plasticity 

cuttings: Clay, 5 YR 5/8, yellowish red, no odor 

1 

1 

SOIL DATA 
Blow Count 

<0 

13 
3 
3 
5 

2 
2 
6 
10 

4 
5 
4 
6 

_i    a 
<   i 
>   .2 

CORE DATA 

o 
O 

OB 
C o 

> o o o 
c 

Q 
a 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

REMARKS 

Boring Location: 
33' W 80' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Recovery only from 5.0' 
to 5.6' due to large gravel 
trapped in spoonhead 

Soft drilling from 12.0' to 
15.0' 

Firmer drilling from 17.0' 
to 20.0' 

Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04L 
BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/25/95 
Logged By: R. Sherrod/T. McGill, P.G. 

X 
H 
D. 
UJ 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

CO 

3 a; 
_l 0) 
< i > ° 

CORE DATA 

o o 

a c 

Q 
a REMARKS 

CLAY, little silt, 5 YR 5/8, yellowish red w/few chert 
fragments up to 1 1/2" in size, trace of dark oxide 
nodules, and occasional brownish yellow silt 
inclusions, highly weathered chert pocket @ 26.5', 

" slightly moist, no odor 
I 

30 - 

- 35 - 

- 40 

- 45 - 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.5' 
Cave in 3.5' 

Soil Boring grouted 
4-25-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5 bags 
cement used 

-4 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB04M 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

i 
H 
0. 
IXI 
Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

<6 5   5 
>   ° 

CORE DATA 

o u 
DO 
c o 

# 
Q 
O REMARKS 

-   5 - 

- 10 

* 

-  15 

- 20 

Vegetative Cover, none, only limestone gravel 
Topsoil; 0.1' to 0.3' w/mostly gravel 
No recovery from 0.3' to 2.0' due to loosely 
consolidated crashed limestone 

cuttings: Clay, 5 YR 4/4, reddish brown w/limestone 

gravel, no odor 

SILTY CLAY, 2.5 YR 3/4, dark reddish brown 
w/crushed limestone and few chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/4 
brown to red, no odor 

■ 4/6, reddish 

CLAY, some silt, 2.5 YR 5/4, reddish brown w/trace 
of chert fragments, 10.0' to 11.07 
SILTY CLAY, 7.5 YR 6/4, light brown to 7.5 YR 5/6, 
strong brown w/light gray silt inclusions, 11.0' to 

12.0" 

cuttings: Clay, 2.5 YR 4/6, red, trace of weathered 
chert fragments up to 114" in size, no odor 

CLAY, some silt, 2.5 YR 4/6, red w/trace of brownish 
yellow silt inclusions and weathered chert fragments, 
no odor 

cuttings: Clay, 2.5 YR 4/6 - 5/6, red, trace of 
weathered chert fragments, no odor 

CLAY, some silt, 2.5 YR 4/6, red, w/trace of brownish 
yellow silt and few weathered chert fragments, no 

odor 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red, trace of 
weathered chert fragments up to 3/8" in size, no odor 

6 
8 
9 
13 

5 
6 
7 

11 

6 
7 
7 
14 

5 
7 
15 
19 

17 

Boring Location: 

33'W 100' N, ITSB04in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

13 

Firm drilling from 10.0' to 
15.0' 

14 

22 

Firm drilling from 17.0' to 
25.0" 

10 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04M 
BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
1X1 
D 

DESCRIPTION 

SOIL DATA 
Blow Count 

■o 
UJ ~ 
Z> a: 
—i a 

> ° 

CORE DATA 

o 
O 

a 
c 
o 

Q 
O REMARKS 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red w/occasional 
brownish yellow silt inclusions and few weathered 
chert fragments from 25.0' to 26.5'; highly weathered 
chert zone from 26.5' to 27.0', no odor 2 

- 30 - 

- 35 - 

- 40 - 

- 45 - 

3 
4 
6 
8 

10 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.0' 
Cave in 3.0' 

Soil Boring grouted 
4-26-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

9 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04N 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5  - 

LU 
a 

DESCRIPTION 

10 - 

- 15 - 

- 20 - 

Vegetative Cover, none, only limestone gravel 
Topsoil, none; limestone gravel to 1.7' 
SILTY CLAY, 2.5 YR 4/4, reddish brown w/chert and 

limestone fragments 

cuttings: Clay, some silt, 2.5 YR 3/4 - 4/6, dark 
reddish brown to red w/few limestone fragments, no 

odor 

CLAY, some silt, 2.5 YR 4/6, red w/trace of chert, 
slightly moist, 5.0' to 6.07 
SILTY CLAY, 5 YR 4/3, reddish brown, moist, no 
odor, 6.0' to 7.0' 

cuttings: Clay, 2.5 YR 4/4, reddish brown, trace of 
weathered chert fragments, no odor 

CLAY, 2.5 YR 4/6, red w/trace of weathered chert 
fragments, brownish yellow silt inclusions, and iron 
oxide nodules 

cuttings: Clay, 2.5 YR 4/6, red w/chert fragments up 
to 3/5" in size 

CLAY, 2.5 YR 4/6 - 4/8, red, trace of weathered chert 
fragments 

cuttings: Clay, 2.5 YR to 5 YR 4/6, red to yellowish 
red, no odor 

CLAY, 2.5 YR 4/8, red to 5 YR 4/6, yellowish red 
w/trace of weathered chert fragments, weathered silty 
limestone from 21.5" to 22.0' 

cuttings: Clay, some silt, 5 YR 4/6, yellowish red, 
trace of chert fragments, medium plasticity 

^ 

£ 

SOIL DATA 

Blow Count 

o _> 
"w 
•o 
_c 
(0 
o 
OL 

3 
5 
6 
8 

4 
2 
2 
4 

4 
4 

3 
5 
7 
12 

tu s 
_l ffi 

> £ z a 

11 

12 

13 

CORE DATA 

o u 

OJ 
c 
o 

# 
Q 
a 
ec 

REMARKS 

Boring Location: 

50" W 98' N, ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 18.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04N 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

o. 
UJ 
D 

DESCRIPTION 

SOIL DATA 
Blow Count 

o .> 
■5 
c 

CO 

UJ ^ 
3 a; 
_l CO 

> £ 
z e. 

CORE DATA 

o 
o 

o c e 

«£ 

REMARKS 

- 30 - 

CLAY, some silt, 5 YR 5/6, yellowish red w/occasional 
brownish yellow silt inclusions and trace of weathered 
chert fragments 1 

- 35 - 

- 40 - 

- 45 - 

3 
3 
6 
6 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 20.0' 
Cave in 5.0' 

Soil Boring grouted 
4-26-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

4 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB040 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

o. 
LU 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

■D 
ui ~ 
_i CO 

> ° 
± ja 

CORE DATA 

o 
CJ 
X 
o 
c a 

£ 
Q 
a 
EC 

REMARKS 

-   5  - 

Vegetative Cover, grass over gravel 
Topsoil and gravel; 0.0' to 0.4' 
CLAYEY GRAVEL, 5 YR 5/2, reddish gray, 0.5' to 
1.37 CLAY, 2.5 YR 3/6, dark red to 2.5 YR 4/4, 
reddish brown 

cuttings: Clay, 2.5 YR 4/6, red, trace of weathered 
chert fragments up to 112" in size 

CLAY, 2.5 YR 4/6, red, few weathered chert 
fragments 

- 10 - 

- 15 - 

i 

20 - 

cuttings: Clay, 2.5 YR 4/6, red to 5 YR 4/6, yellowish 
red, no odor 

CLAY, some silt, 5 YR 4/6, yellowish red w/trace of 
yellow silt inclusions and chert fragments, slightly 
moist at 10.0'to 10.5' 

cuttings: Clay, 5 YR 4/6, yellowish red, trace of 
weathered chert fragments, slightly moist, no odor 

CLAY, some silt, 5 YR 5/6, yellowish red, few 
weathered limestone fragments, highly weathered 
chert fragments 

cuttings: Clay, 5 YR 4/6, red, trace of chert fragments 
up to 3/8" in size 

CLAY, some silt, 5 YR 4/6, yellowish red w/few highly 
weathered chert and limestone fragments 

cuttings: Clay, 5 YR 4/6, yellowish red, trace of chert 
fragments up to 1/2" in size 

1 

1 

1 

6 
12 
15 
17 

8 
10 

9 
11 
12 
15 

12 

27 

14 

23 

Boring Location: 
50'W125'N, ITSB04in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB040 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

SOIL DATA CORE DATA 

01 

Blow Count 

# o _> 
X 
1- 
Q. 
LU 
a 

DESCRIPTION a. 
E 
CD 
W 

■5 

to 
o 
£2. 

UJ   ~ —>   **- 
_i   "5 
>    o 

O u 

c « 
_J 

>■ 

5 
> 
o 
o 
o 

Q a REMARKS 

CLAY, 5 YR 4/6, yellowish red, trace of weathered % N 4 

. chert fragments, no odor 1 5 
"   8  " 13 - 

- K 10 

End of Auger 
- 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 

■ sampling 27.0' 
True plumb depth before 

- 30 - ™      ~ auger removal 25.0' 
True plumb depth after 

™ 

• - auger removal 23.0' 
Cave in 2.0' 

■ 

" Soil Boring grouted 
4-26-95 using standard 
mixing ratio of: 
approximately 6 gals, of 

" 
water; 
1 (94 lb) bag cement 

- 35 - ™      ™ (Dixie Type 1); 
3 lb quick gel high yield 

m 

. . bentonite with 5.0 bags - 

- - 
cement used 

- 

- 40 - -     - - 

- 45 - -      - - 

- 

- 

- 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

-   5   - 

- 10 - 

a 

-  15 - 

- 20 

DESCRIPTION 

Vegetative cover, none, limestone gravel 
Topsoil and gravel; 0.0' to 0.5' 
CLAY, 2.5 YR 4/4, reddish brown w/limestone gravel 

fines, trace of chert 

cuttings: Clay, 2.5 YR 3/6, dark red to 2.5 YR 4/4, 
reddish brown 

CLAY, some silt, 2.5 YR 4/4, reddish brown w/trace 
of chert fragments and brownish yellow silt inclusions, 
few limestone gravels 

cuttings: Clay, 2.5 YR, 4/4, reddish brown 

CLAY, some silt, 7.5 YR 5/6, strong brown, slightly 
moist/ 
SILTY CLAY,   10 YR 6/6, brownish yellow, 11.5' to 
12.0' 

cuttings: Silty Clay, 5 YR 5/6, yellowish red, slightly 
moist 

CLAY, some silt, 2.5 YR 4/8, red w/occasional 10 YR 
6/8, brownish yellow silt inclusions and occasional 
gray weathered limestone fragments, trace of chert, 
no odor 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red, no odor 

CLAY, some silt, 2.5 YR 5/6, red w/occasional yellow 
silt inclusions and weathered limestone fragments at 
21.0" to 21.2" 

cuttings: Clay, 2.5 YR 4/6, red, trace of weathered 
H limestone and chert fragments, no odor 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB04P 

6" HSA 
Powers, Hackworth 
4/25/95 

Logged By: R. Sherrod/T. McGill, P.G. 

I 

SOIL DATA 

W 

Blow Count 

■o 

.c 
(0 

o a 

5 
13 
6 
5 

8 
10 
19 
24 

8 
10 
13 
15 

3  «: 

19 

11 

29 

23 

CORE DATA 

■o 
£ 5 

o 
c o 

# 

o > 
o o 
o 

o 
a 
ce 

REMARKS 

Boring Location: 

55' W 37" N ITSB04 in 
vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 16' to 
22" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04P 

6" HSA 
Powers, Hackworth 
4/25/95 

Logged By: R. Sherrod/T. McGill, P.G. 

a. 
UJ 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

UJ ~ 
O *: 
_J CO 

> ° 

CORE DATA 

o u > o u ca 
tc 

REMARKS 

CLAY, some silt, 2.5 YR 4/6 - 5/8, red, trace of 
weathered limestone, grayish yellow silt inclusions, 
weathered chert fragments, high plasticity, no odor I 

- 30 - 

- 35 - 

- 40 - 

5 
5 
8 
15 

13 

-  45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.0' 
Cave in 4.0' 

Soil Boring grouted 
4-25-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04Q 

6" HS A 
Powers, Hackworth 
5/9/95 

* 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

SOIL DATA CORE DATA 

01 

Blow Count 

C9 I _> 
I 
r- DESCRIPTION 

CO 

O. 

E 
V) 

■5 
HI ~ 
_J      CD 

5 u 
> o 

O REMARKS 
a. 
LU 
D 

£ 
(0 
O a 

5      5 
>    o o 

c 
eg 
_j 

> 
0 o 
© 
or 

tc 

Vegetative Cover, tall matted grass % 
N 3 Boring Location: 

Topsoil, 5 YR 4/4, reddish brown w/roothairs; 0.0' to 1 4 2' 320 degrees NW, 

0.2" "   5   " 9 ITSB04 in vicinity of Bldg. 

SILTY CLAY, 2.5 YR 4/8, red w/limestone gravel. 4 802-4 

trace of weathered chert fragments, no odor Split barrel sampler 

• 
cuttings: Silty Clay, 7.5 YR 4/4, dark brown 
w/limestone gravel, very strong sweet odor, moist - 

dimensions: 
2.0" O.D. 
1.5-I.D. 
24.0" Length SILTY CLAY, 7.5 YR 5/6, strong brown, glistening, % 

-   5   - 

\chert fragments and limestone fragments, moist, very    / 
(strong sweet odor                                                                 f 

-     - 
Spoon sample collected 
from 3.5' to 4.0' 

Auger Refusal 3.5' 
No Water Encountered 
End of Split barrel 
sampling 4.0' 
True plumb depth before 
auger removal 3.5' 

* True plumb depth after 
auger removal 3.5' 

- 10 - -     — Cave in 0.0' 

• - 
Soil Boring grouted 5-9-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 

" (Dixie Type 1); 
3 lb quick gel high yield 

- 15 - -     — bentonite with 1.5 bags 

- 
cement used 

- 20 - -     - - 

- - - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of  1 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04R 

6" HSA 
Powers, Hackworth 

: 5/9/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5  - 

Q. 
UJ 
Q 

10 - 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, high grass 
Topsoil w/grass and roothairs; 0.0' to 0.3' 
CLAY, some silt, 2.5 YR 5/8, red w/trace of 
weathered chert fragments 

cuttings: Clay, 2.5 YR 5/8, red, 2.0' to 2.57 
Silty Clay, 7.5 YR 5/6, strong brown, trace of 
weathered chert fragments up to 3/8" in size, no odor 

SILTY CLAY, 7.5 YR 5/8, strong brown to 10 YR 5/8, 
yellowish brown, mottled yellow w/trace of weathered 
chert fragments, no odor 

cuttings: Silty Clay, 5 YR 5/8, yellowish red, slightly 
moist, sweet odor 

CLAY, some silt, 5 YR 5/8, yellowish red to 7.5 YR 
5/8, strong brown w/trace of weathered chert 
fragments and occasional yellow silt inclusions, 
slightly moist, sweet odor 

cuttings: Clay, some silt, 2.5 YR 5/8, red, trace of 
weathered chert, slightly moist, high plasticity, strong 
sweet odor 

CLAY, some silt, 5 YR 5/6, yellowish red, slightly 
moist w/sheen, high plasticity, firm, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/6 
plasticity, strong sweet odor 

4/8, red, high 

SILTY CLAY, 2.5 YR 4/8, red, trace of chert 
fragments, 20.0' to 21.07 
SILTY CHERTY CLAY, 2.5 YR 5/8, red w/highly 
weathered chert fragments, black organic residue in 
chert inclusions, 21.0' to 22.0', moist 

cuttings: Clay, some silt, 2.5 YR 4/6, red, trace of 
weathered chert fragments up to 3/8" in size, slightly 
moist, strong sweet odor 

I 

SOIL DATA 
Blow Count 

(S3 

Q. 

6 
5 
6 
7 

3 
3 
3 
7 

2 
3 
4 
6 

3 
5 
7 
12 

Z>   ^ 

11 

12 

CORE DATA 

TJ 
s 
5 
ü 

c» 
c 
o 

£ 
>■ 

> o o e 
DC 

Q 
a 
tc 

REMARKS 

Boring Location: 

19' 150 degrees SSE, 
ITSB04 in vicinity of Bldg. 
802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04R 
6" HSA 
Powers, Hackworth 
5/9/95 

Logged By: R. Sherrod/T. McGill, P.G. 

I 
r- 
Q. 
HI 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

■D 

£ 
ID 

a 
a. 

UJ s 
Z> it 
_i n 

> £ 
z £ 

CORE DATA 

o o 

c 

£ 
O 
O REMARKS 

SILTY CLAY, 2.5 YR 4/8, red, mottled 5 YR 4/8, 
yellowish red w/black nodules in highly weathered 
chert zones @ 26.0' to 26.3' and 26.7' to 26.9', 
slightly moist, strong sweet odor 

- 30 - 

10 

- 35 

- 40 - 

- 45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.8' 
Cave in 2.2' 

Soil Boring grouted 5-9-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
ben ton it e with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04S 

6" HSA 
Powers, Hackworth 
5/9/95 

Logged By: R. Sherrod/T. McGill, P.G. 

I 
i- 
Q. 
UJ 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

.> 

10 

3 a; 
_l CD 

< i 
> o 

CORE DATA 

o 
O 

c 

> 
o 
o 
o 

Q 
O 
ec 

REMARKS 

Vegetative Cover, tall grass and weeds 
Topsoil, 7.5 YR 5/4, brown w/roothairs and few 
limestone gravels; 0.0' to 0.2' 
SILTY CLAY, 2.5 YR 4/8 - 5/8, red w/trace of chert 
and limestone fragments up to 3/4" in size, no odor 

-   5  - I 

cuttings: Silty Clay, 2.5 YR 4/8 - 5/8, red w/trace of 
chert and few limestone fragments up to 2" in size, 
slightly moist, sweet odor 

SILTY SANDY CLAY, 7.5 YR 5/4, brown w/limestone 
ragments, glistening, moist, strong sweet odor 

- 10 - 

- 15 - 

- 20 - 

4 
4 
4 
5 

Boring Location: 

14' 288 degrees WNW, 
ITSB04 in vicinity of Bldg. 
802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 
Spoon sample collected 
from 4.0" to 4.5' 
Auger Refusal @ 4.0' 
Refusal material suspected 
man-made rock bed 
End of Split barrel 
sampling 4.5' 
True plumb depth before 
auger removal 4.0' 
True plumb depth after 
auger removal 4.0' 
Cave in 0.0' 

Soil Boring grouted 5-9-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 1.5 bags 
cement used 

N = Standard Penetration, S = Shelby, A = Auger 

GE0TEK ENGINEERING COMPANY, INC. 
Page 1   of  1 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04T 

6" HSA 
Powers, Hackworth 
5/9/95 

Logged By: R. Sherrod/T. McGill, P.G. 

-   5  - 

- 10 - 

a. 
LU 
Q 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, grass and weeds 
Topsoil, Clayey, 2.5 YR 5/4, reddish brown 
w/limestone fragments and roothairs; 0.0' to 0.2' 
CLAY, some silt, 2.5 YR 4/8, red w/few chert 

fragments, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/few 
weathered chert fragments, strong sweet odor 

SILTY CLAY, 2.5 YR 4/8, red, 5.0' to 5.57 
SILTY CLAY, 10 YR 6/6, brownish yellow, mottled 10 
YR 6/2, pale brown and light gray w/weathered 
limestone fragments, 6.0' to 6.5'; very strong sweet 

odor 

cuttings: Clay, some silt, 7.5 YR 5/6, strong brown, 
slight plasticity, strong sweet odor 

CLAY, some silt, 7.5 YR 5/6, strong brown, mottled 
10 YR 6/6, brownish yellow, trace of chert, high 
plasticity, slightly moist, very strong sweet odor 

cuttings: Clay, 7.5 YR 5/6, strong brown w/trace of 
chert/ 
Clay, 5 YR 5/6, yellowish red from 14.5' to 15.0' 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, few highly weathered chert fragments, 
sweet odor 

cuttings: Silty Clay, 5.0 YR 5/8, yellowish red, trace 
of highly weathered chert fragments up to 3/8" in 
size, slightly moist, slight sweet odor 

SILTY CLAY, 5 YR 5/8, yellowish red to 7.5 YR 5/8 , 
strong brown, mottled 10 YR 6/4, yellowish brown, 
highly weathered chert zone w/voids and fracturing 
from 20.0' to 21.0' 

cuttings: Silty Clay, 5 YR 5/6, yellowish red, few 
weathered chert fragments, slight odor 

I 

1 

& 

SOIL DATA 

Blow Count 

o .> 
-6 
.c 
to 
w 
O a 
6 
7 
8 
6 

10 

3 
3 
6 
12 

3 a; 
_l 01 
< 5 
> J2 
Z £ 

15 

10 

CORE DATA 

o u > 
o u » 

Q 
O 
DC 

REMARKS 

Boring Location: 

16' 208 degrees SSW, 
ITSB04 in vicinity of Bldg. 
802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB04T 
BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/9/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
i- 
0_ 
LU 
Q 

- 30 - 

DESCRIPTION 

CLAY, some silt, 5 YR 5/8, yellowish red, mottled 
yellow w/silt inclusions, moist, medium plasticity, 
slight sweet odor, highly weathered chert zone from 
26.5' to 27.0' i 

- 35 - 

- 40 - 

- 45 - 

SOIL DATA 
Blow Count 

_> 
■6 

<6 

2 
3 
5 
20 

LJJ — 

_i a 

< $ 
> o 
£ -a 

CORE DATA 

o u 

a c 

£ 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

Q 
a REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.6' 
Cave in 1.4' 

Soil Boring grouted 5-9-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

4 

* 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB04U 

6" HSA 
Powers, Hackworth 
5/10/95 

Logged By: R. Sherrod/T. McGili, P.G. 

-   5   - 

I 
Q. 
LU 
Q 

10 - 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, thick grass and weeds 
Topsoil w/mulch and roothairs; 0.0' to 0.3' 
CLAY, some silt, 2.5 YR 4/6, red, trace of weathered 
chert fragments, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red, trace of 
weathered chert fragments up to 3/8" in size, no odor 

CLAY, 2.5 YR 4/6, red w/highly weathered chert 
fragments, 5.0' to 5.57 
SILTY CLAY, 10 YR 6/6, brownish yellow, mottled 10 
YR 6/3, pale brown, sweet odor 

cuttings: Clay, some silt, 7.5 YR 5/6, strong brown to 
10 YR 5/6, yellowish brown, sweet odor 

CLAY, some silt, 10 YR 5/6, yellowish brown, mottled 
10 YR 6/2, light brownish gray, high plasticity, glossy 
appearance, sweet odor 

cuttings: Clay, some silt, 10 YR 6/6, brownish yellow 
to 7.5 YR 5/6, strong brown, mottled 10 YR 6/3, pale 
brown, sweet odor 

CLAY, some silt, 10 YR 6/4, brownish yellow w/red 
streaks, medium plasticity, slight sweet odor 

cuttings: Clay, some silt, 7.5 YR 5/8, strong brown to 
10 YR 5/8, yellowish brown w/small, moist, powdery 
clumps, faint sweet odor 

CLAY, some silt, 7.5 YR 5/6, strong brown to 5 YR 
5/6, yellowish red, medium plasticity, slightly moist, 

no odor 

cuttings: Clay, some silt, 5 YR 5/6, yellowish red, 
slightly moist, trace of weathered chert fragments, no 
odor 

1 

1 

I 

SOIL DATA 
Blow Count 

to 

a. 

1 
3 
4 
7 

4 
6 
9 

14 

3 
3 
4 
4 

HI   ~ 

13 

12 

15 

CORE DATA 

o u 

a c a 

o 
a 
DC 

REMARKS 

Boring Location: 

20' 250 degrees WSW, 
ITSB04 in vicinity of Bldg. 
802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Soft drilling from 17.0' to 
20.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04U 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/10/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LU 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

■o 
UJ ^ 
D a: 
—I CD 

> £ 

CORE DATA 

o u 

a c 
eg 

eg > 
o a 
eg 

a 
a 
oc 

REMARKS 

- 30 - 

CLAY, some silt, 5 YR 5/4, reddish brown, mottled 
yellow w/silt inclusions, few weathered chert 
fragments up to 3/8" in size, slightly moist, faint 
sweet odor i 

- 35 - 

40 - 

45 - 

12 

End of Auger 
Advancement 25.0' 
No Water Encountered @ 
End of Boring (0910 hrs) 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.5' 
Cave in 1.5' 

Soil Boring grouted 
5-10-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

0.4' of water in boring @ 
time of grouting (1645 
hrs) 

4 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04V 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/10/95 
Logged By: R. Sherrod/T. McGill, P.G. 

* 

*-• 

SOIL DATA CORE DATA 

to 

Blow Count 

•o s 
r- DESCRIPTION a. 

E 
IS 

-6 
—J      05 

5 > a a REMARKS 
Q. 
LU 

c 
>    o X 

> o o 
tc 

Q to 
o a 

Z   £ a 
c o 

Vegetative Cover, high grass W N 3 Boring Location: 

Topsoil, Clayey w/roothairs; 0.0* to 0.1' 1 
3 14' 70 degrees N, ITSB04 

SILTY CLAY, 2.5 YR 5/4, reddish brown w/limestone "   3   " 6 in vicinity of Bldg. 802-4 

fines and gravel, 0.1' to 0.5'/ W 4 Split barrel sampler 

No recovery, 0.5' to 2.0' due to loosely consolidated 
weathered limestone sands and gravels 

dimensions: 
2.0" O.D. 

- cuttings: Clay, 2.5 YR 5/4, red, moist, few weathered 1.5" I.D. 
24.0" Length 

. chert and limestone fragments, light sweet odor - 

CLAYEY UMESTONE FRAGMENTS, 7.5 YR 6/4, light .-» • 
-   5   - \brown, saturated, strong sweet odor                                 j 

Auger Refusal @ 4.5' 
Spoon sample collected 
4.5' to 5.0' 
Saturated fragments 
Encountered in bottom of 

• hole @ end of 
Boring (1025 hrs) 

- * End of Split barrel 
sampling @ 5.0' 

- 10 - True plumb depth before    - 
auger removal 4.5' 

• - True plumb depth after 
auger removal 4.5' 

- - Cave in 0.0' 

- - Soil Boring grouted 
5-10-95 using standard 
mixing ratio of: 
approximately 6 gals, of 

- 15 - water; 
1 (94 lb) bag cement 

- - (Dixie Type 1); 
3 lb quick gel high yield 

- - bentonite with 1.5 bags 
cement used 

" 0.2' of water in boring @ 
time of grouting (1715 

' hrs) 

- 20 - -      - ■■ 

- - - 

- - - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of  1 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04W 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/11/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

Q. 
HI 
a 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, none 
Topsoil; none, Gravelly Clay, 2.5 YR 4/4, reddish 
brown, 0.0' to 0.5' 
CLAY, some silt, 2.5 YR 5/6, red w/few weathered 
chert fragments up to 112" in size, no odor 

cuttings: Clay, some silt, 2.5 YR 5/6, red to 5 YR 5/6, 
yellowish red, trace of weathered chert fragments up 
to 112" in size, slight odor 

CLAY, some silt, 7.5 YR 5/6, strong brown 
w/occasional highly weathered chert fragments, 
slightly moist, sweet odor 

cuttings: Silty Clay, 7.5 YR 5/8, strong brown 
w/highly weathered chert fragments up to 112" 
strong sweet odor 

in size. 

SILTY CLAY, 7.5 YR 5/6, strong brown w/occasional 
weathered chert fragments, moist, 10.0' to 10.37 
SILTY CLAY, 5 YR 5/8, yellowish red w/occasional silt 
inclusions and trace of weathered chert fragments, 
slightly moist, sweet odor 

cuttings: Silty Clay, 2.5 YR 5/8, red to 5 YR 5/8, 
yellowish red, few weathered chert fragments, slightly 
moist, sweet odor 

CLAY, some silt, 5 YR 5/8, yellowish red, mottled 7.5 
YR 6/8, reddish yellow, trace of iron oxide nodules, 
medium plasticity, sweet odor 

cuttings: Clay, some silt, 2.5 YR 5/8, red to 5 YR 5/8, 
yellowish red, few weathered chert fragments up to 
112" in size, slightly moist, strong sweet odor 

CLAY, some silt, 5 YR 6/6, reddish yellow to 5 YR 
5/6, yellowish red, trace of chert fragments, low 
plasticity, strong sweet odor 

cuttings: Clay, 5 YR 5/6, yellowish red w/yellow silt 
inclusions, few chert fragments up to 3/8" in size, 

1 sweet odor 

1 

1 

1 

SOIL DATA 
Blow Count 

w a. 

1 
3 
4 
5 

2 
3 
5 
6 

2 
3 
4 
7 

2 
3 
4 
12 

_l      01 

>    o 
z  £ 

12 

CORE DATA 

o u 

CD 
c o 

o 
O 
0£ 

REMARKS 

Boring Location: 
13' 90 degrees E, ITSB04 
in vicinity of Bldg. 802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling 23.0' to 25.0' 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY. INC. 
Page 1   of  2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. 0TSB04W 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/11/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
H 
LU 
o 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
Cß 
o 
a. 
£ 
CD 

Blow Count 

•a 
S 
o 
ü 

DO 
C 
o 

> 
CD > 
o 
Ü 
o 

£C 

O a 
a: £ 

o 
a 

UJ   ~ 
3   it 
_J     to 
<   5 
>     0 

- 30 - 

CLAY,some silt, 5 YR 6/6, reddish yellow to 5 YR 5/8, 
yellowish red, trace of yellow silt mottling, trace of 
weathered chert fragments, high plasticity, slightly 
moist, strong sweet odor 1 

N 3 
3 

"   5   " 
5 

8 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.7' 
Cave in 2.3' 

_ 

- 35 - 

Soil Boring grouted 
5-11 -95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
ben ton it e with 5.0 bags 
cement used 

- 

- 40 - -     - - 

- 45 - -     - - 

- 

- - 

1 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB04X 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5  - 

LU 
a 

10 - 

15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, grass 
Topsoil w/roothairs; 0.0' to 0.2' 
SILTY CLAY, 2.5 YR 4/8, red w/highly weathered 
chert and few weathered limestone fragments 

cuttings: Silty Clay, 2.5 YR 4/8, red, few highly 
weathered chert fragments up to 3/8" in size, slight 
sweet odor 

SILTY CLAY, 2.5 YR 5/6, red w/occasional yellow silt 
inclusions, and few chert fragments up to 3/4" in size, 

sweet odor 

cuttings: Silty Clay, 2.5 YR 5/8, red to 5 YR 5/8, 
yellowish red, few chert fragments up to 3/4" in size, 
sweet odor 

SILTY CLAY, 7.5 YR 6/6, reddish yellow, mottled 2.5 
YR 5/6, red, sweet odor 

cuttings: Silty Clay, 7.5 YR 6/6, reddish yellow, trace 
of chert, sweet odor 

CLAY, some silt, 2.5 YR 5/6, red to 5 YR 5/8, 
yellowish red, mottled brownish yellow, slight sweet 
odor 

cuttings: Clay, some silt, 5 YR 5/8, yellowish red, 
mottled brownish yellow, trace of chert up to 3/8" in 
size, slight sweet odor 

CLAY, some silt, 5 YR 5/8, yellowish red w/trace of 
chert fragments, slightly moist, slight sweet odor 

cuttings: Clay, some silt, 2.5 YR 5/8, red to 5 YR 5/8, 
yellowish red, trace of chert up to 3/8" in size, slight 

sweet odor 

1 

SOIL DATA 

Blow Count 

to 
o 
a. 

3 
5 
10 
9 

10 
6 
7 
10 

6 
11 
11 
12 

6 
8 
7 
10 

3 
4 
6 
8 

UJ   ~ 

<   5 
>  £ 

15 

13 

22 

15 

10 

CORE DATA 

o 
O 

o 
c 
CD 

a 
a REMARKS 

Boring Location: 

26'215 degrees SW, 
ITSB04 in vicinity of Bldg. 

802-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

No recovery from 6.0' to 
7.0' due to chert fragment 
trapped in spoonhead 

Firm drilling from 10.0' to 
17.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: VAAP Site 

Chattanooga, Tennessee 
PROJECT NO.: 95-4098 
CLIENT: TRW 

Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. 0TSB04X 
6" HSA 
Powers, Hackworth 
5/16/95 

Logged By: R. Sherrod/T. McGill, P.G. 

**- 

SOIL DATA CORE DATA 

CD 

Blow Count 

^ eo _> 
I 
r- 
Q. 
Ill 
Q 

DESCRIPTION Q. 
E 
CO 

CO 

■5 

CO 

o 
Q. 

HI    ~ 

_l     to 

$ s 
>    o 
2   £ 

6 
ü 
X 
o 
c 
CD 

—1 

> 
o > 
o 
u o 
tr 

o 
o 
tr 

REMARKS 

SiLTY CLAY, 2.5 YR 5/8, red to 5 YR 5/8, yellowish N 3 
red, mottled yellow w/ 5 YR 7/4, pink weathered chert J 4 

" zone, 26.2' to 26.8', slightly moist, no odor H "   5   " 9 

- W 20 

End of Auger 
- 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0" 
True plumb depth before 

- 30 - ~             ™ auger removal 25.0' 
True plumb depth after 

™ 

- auger removal 23.0' 
Cave in 2.0' 

- 

Soil Boring grouted 
5-1 6-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 

- 35 - (Dixie Type 1); 
3 lb quick gel high yield 

*■ 

. bentonite with 5.0 bags - 

- - 
cement used 

- 

- 40 - - 

- 45 - -      - - 

■ 

- - 

-f 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 
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LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13A 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/27/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
i- 
Q. 
LLI 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

<6 
a a. 

D «: 
_l to 

> s 
■7 -a 

CORE DATA 

o u 
a 
c o 

> o u o 
c 

a a 
K 

REMARKS 

-   5  - 

- 10 - 

» 

- 15 - 

- 20 - 

Vegetative Cover, none, gravel surface 
Topsoil; none 
CLAYEY GRAVEL, 2.5 YR 6/4, light reddish brown, 
0.0" - 0.77 
CLAY, 2.5 YR 4/6 - 4/8, red, trace of chert fragments, 
no odor 

cuttings: Clay, 2.5 YR 4/4 - 4/6, reddish brown to red, 
2.0" to 3.57 
Clay, 10 YR 3/2, very dark grayish brown, moist, oily, 
sticky, no odor 
CLAY, some silt, 10 YR 4/2, brown w/sand and silt 
inclusions, mottled 7.5 YR 7/2 - 6/4, pinkish gray to 
light brown, few limestone fragments up to 1/2" in 
size, moist, no odor 

cuttings: Silty Sandy Clay, 5 YR 5/3, reddish brown, 
mottled 10 YR 6/2, light brownish gray and 5 YR 7/4, 
pink 

SILTY CLAY, little sand, 7.5 YR 5/8, strong brown to 
10 YR 5/8, yellowish brown w/5 YR 7/4, pink 
weathered sandstone inclusions, 11.0' to 11.2', trace 
of limestone fragments up to 112" in size, no odor 

cuttings: Clay, some silt, 5 YR 4/6, yellowish red, no 
odor 

CLAY, some silt, 5 YR 5/6, yellowish red w/few black, 
plastic tarry inclusions, no odor 

cuttings: Clay, some silt, 5 YR 4/6, yellowish red 
w/trace of weathered chert fragments up to 1/8" 
size, slightly moist 

CLAYEY SILT, 10 YR 6/3, pale brown, mottled 10 YR 
4/3, brown, 20.0' to 20.77 
CLAY, some silt, 7.5 YR 5/6, strong brown w/trace of 
chert fragments and occasional brownish yellow silt 

"hinclusions, no odor 

I 
5 

12 
6 
5 

1 

1 

5 
17 
6 

3 
6 
9 
11 

18 

23 

12 

15 

Boring Location: 
4'E7'S, ITSB13in 
vicinity of Bldg. 806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Suspect charred organic 
contaminants, 3.5' to 4.5' 

Finn drilling from 15.0' to 
20.0' 

Auger Refusal @ 22.0' 
No Water Encountered 
End of Split barrel 
sampling 22.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13A 
6" HSA 
Powers, Hackworth 
4/27/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
Ill 
Q 

- 30 - 

DESCRIPTION 

- 35 - 

- 40 - 

SOIL DATA 
Blow Count 

- 45 - 

in ~ 
D a; 
—i a 

> £ 

CORE DATA 

o 
o 

a 
c 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

REMARKS 

True plumb depth before 
auger removal 22.0' 
True plumb depth after 
auger removal 19.0' 
Cave in 3.0' 

Soil Boring grouted 
4-27-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

V 
* 

Page 2 of 2 



LOG OF BORING 
BORING NO. OTSB13B 

PROJECT:          VAAP Site 
Chattanooga, Tennessee BORING TYPE:    6" HSA 

PROJECT NO.: 95-4098 DRILL CREW:     Powers, Hackworth 
CLIENT:              TRW DATE DRILLED: 4/27/95 

m 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

X 
h- DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
CO 
<D 

a 
£ 
CD 

W 

Blow Count 

-0 
£ 
0 
0 

>■ 

6 
0 
O 

o 

■5 

LU
E 

s/
ft

l 

* a. 
UJ 
D <o 

5 
a. 

N
-V

A
 

(b
lo

w
 

.c 
as 
c 
0 _! 

> 
0 
0 
0 

or 

tc 

Vegetative Cover, none, gravel surface !% 
N 14 Boring Location: 

-   5   - 

Topsoil and gravel, 0.0' - 0.3' 
CLAYEY GRAVEL, 5 YR 6/2 - 7/2, pinkish gray, 0.3' 
to 1.07 
CLAY, some silt, 2.5 YR 4/8, red w/trace of 
weathered chert fragments and occasional brownish 

yellow silt inclusions 

cuttings: Clay, 2.5 YR to 5 YR 4/4, reddish brown 
w/trace of weathered chert fragments 

CLAY, some silt, 2. 5 YR 4/8, red to 5 YR 5/8, 
yellowish red, slightly moist from 5.0' to 6.5', trace of 

1 

! 

N 

13 
"   6   " 

5 

" 2 ~ 
3 

19 
9'W4'S, ITSB13in 
vicinity of Bldg. 806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

- 

limestone fragments up to 3/8" in size, 6.7' to 7.0' "   5   " 
6 

8 

- 

cuttings: Clay, 2.5 YR 4/8, red to 5 YR 5/6, yellowish 

~ 

■ red w/trace of weathered chert fragments " 

- 10 - _ 
CLAY, some silt, 5 YR 5/6, yellowish red, trace of ?£ N " 4 ~ 
weathered subangular chert fragments up to 3/4" in 1 6 

• 

size, black tarry inclusions @ 10.0' to 10.3', no odor " 10" 
10 

16 Firm drilling from 11.0' to 
15.0' 

- 
cuttings: Clay, some silt, 5 YR 5/6, yellowish red 

* * 

w/trace of weathered chert fragments up to 3/8" in 
size, no odor 

- 15 - SILTY CLAY, 5 YR 5/6, yellowish red w/few large 
subangular chert fragments and weathered limestone 1 

N "14" 
21 Chert zone from 15.5' to 

" inclusions, 15.0' to 16.57 " 10" 31 16.5' 
CLAY, some silt, 5 YR 5/6, yellowish red w/trace of 14 

* 
t 

chert fragments, no odor 

cuttings: Clay, 5 YR 4/6 - 5/6, yellowish red w/some 
yellow silt inclusions and trace of chert and limestone 
fragments, no odor 

i - 20 - SILTY CLAY, 5 YR 5/8, yellowish red, mottled 7.5 YR 
6/6, reddish yellow, moist from 20.0' to 21.0', few 

1 
N " 3 " 

9 
' chert fragments, 21.0' to 21.57 " 11 " 20 

CHERTY CLAY, 5 YR 5/6, yellowish red w/chert 35 
fragments up to 1" in size, 21.5' to 22.0' 

cuttings: Clay, some silt, 5 YR 4/6 - 5/6, purplish red 
w/few chert and weathered limestone fragments, no 
odor 

N = Stai idard Penetration, S = Shelby, A = Auger Page 1   of 2 

GEOTEK ENGINEER ING COMPANY, INC. 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13B 

6" HSA 
Powers, Hackworth 
4/27/95 

Logged By: R. Sherrod/T. McGill, P.G. 

D. 
LU 
Q 

DESCRIPTION 

I 

SOIL DATA 
Blow Count 

c 
to 

LU    — 

—I      01 

>    o 

CORE DATA 

o 
ü 

a 
c 

# 

> o o e 

o 
a 
rr 

REMARKS 

CHERTY CLAY, some silt, 5 YR 5/6, yellowish red w/5 
YR 5/1, gray glistening subangular chert fragments up 
to 112" in size/ 
CLAY, some silt 5 YR 5/6, yellowish red w/few 

" ^weathered chert fragments, moist, no odor 

- 30 - 

32 
34 

16 
10 

50 

- 35 - 

- 40 - 

- 45 - 

Chert zone from 25.0' 
26.0' 

to 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.0' 
Cave in 4.0' 

Soil Boring grouted 
4-27-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

V 
* 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13C 

6" HSA 
Powers, Hackworth 
4/26/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

QL 
UJ 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

.c 
ID 

o a 

D st —I n 

> o 
Z £ 

CORE DATA 

o 

a c 

£ 

> 
O o o 

o 
a 
cc 

REMARKS 

-   5  - 

- 10 - 

15 - 

- 20 - 

Vegetative Cover, none, gravel surface 
Topsoil, clayey w/limestone cobbles and fines; 0.0' to 
0.8' 
CLAY, some silt, 2.5 YR 4/8, red, trace of chert 
fragments and limestone aggregate 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red, trace of 
limestone aggregate and trace of weathered chert 
fragments 

CLAYEY SILT, 7.5 YR 5/4, brown w/some weathered 
limestone aggregate, slightly moist, 5.0' to 5.57 
SILTY CLAY, 2.5 YR 4/8, red w/pockets of highly 
weathered chert, no odor 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red, trace of chert 
fragments up to 3/8" in size, no odor 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red w/few 
limestone fragments and trace of weathered chert 
fragments, no odor 

cuttings: Clay, 2.5 YR 4/8, red, trace of chert 
fragments up to 1/4" in size 

CLAY, some silt, 2.5 YR 4/8, red, trace of chert 
fragments and black tarry inclusions 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 4/6, 
yellowish red, no odor 

SILTY CLAY, 2.5 YR 4/4, reddish brown w/highly 
weathered chert and few limestone fragments, 20.0' 
to 21.07 
CLAYEY WEATHERED LIMESTONE, 10 YR 6/2 - 6/3, 
brownish gray, slightly moist, no odor 

cuttings: Clay, 2.5 YR 4/6, red, trace of chert and 
limestone fragments, no odor 

1 

1 

17 
5 
4 
9 

8 
8 

5 
7 
8 
11 

5 
6 
10 
7 

10 

Boring Location: 
34'WO'N, ITSB13in 
vicinity of Bldg. 806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

13 

15 

Firm drilling from 18.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13C 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/26/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LU 
Q 

DESCRIPTION 

I 

SOIL DATA 

Blow Count 

to 

UJ ~ 

_i a 

> .2 
2 £ 

CORE DATA 

o 
CJ 

o 
c 
o 

# 
o 
a REMARKS 

CLAY, little silt, 2.5 YR 4/6, red, 
chert fragments, stiff, no odor 

trace of weathered 

- 30 - 

3 
6 
10 
16 

16 

- 35 - 

- 40 - 

- 45 - 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 24.0' 
Cave in 1.0' 

Soil Boring grouted 
4-26-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

v 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13D 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 4/28/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
r- 
Q. 

a 

DESCRIPTION 

SOIL DATA 
Blow Count 

a 

■5 
LU S 

_l to 

>   o 

CORE DATA 

o 
u 

a 
a REMARKS 

-   5  - 

- 10 - 

- 15 - 

- 20 - 

Vegetative Cover, sparse grass over gravel 
Topsoil w/grass and roothairs; 0.0' to 0.3' 
LIMESTONE GRAVEL, 0.3' to 0.77 
CLAY, some silt, 2.5 YR 4/8, red w/trace of chert and 
limestone fragments 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of weathered chert, no odor 

SILTY CLAY, 2.5 YR 4/8, red to 5 YR 4/6, yellowish 
red, mottled brownish yellow w/chert fragments up to 
3/8" in size. 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of weathered chert fragments, slight organic decay 
odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/occasional 10 YR 6/8, brownish 
yellow silt inclusions and trace of weathered chert 
fragments, slightly moist 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 4/6, 
yellowish red, trace of weathered chert fragments up 
to 3/8" in size, no odor 

CLAY, some silt, 2.5 YR 4/8 - 5/8, red, weathered 
chert, trace of black oxidized inclusions and weathered 
limestone fragments, 16.5' to 17.0' 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/few 
weathered chert fragments up to 3/4" in size, slightly 
moist, no odor 

CLAY, some silt, 2.5 YR 4/8 - 5/8, red, few 
weathered chert fragments up to 3/4" in size, trace of 
10 YR 6/2, brownish gray, weathered limestone 
fragments, slightly moist. 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/few 
weathered chert fragments up to 1-1/4" in size, 
slightly moist 

I" 

I 

9 
7 
5 
5 

17 
10 
6 
13 

13 
3 
4 
8 

3 
6 
9 
13 

12 

16 

15 

Boring Location: 
33'W20"N, ITSB13in 
vicinity of Bldg. 806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13D 
BORING TYPE:   6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/28/95 
Logged By: R. Sherrod/T. McGill, P.G. 

0- 
LU 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

_c 
(D 

a a. 

tu ~ 
—J « 

3 $ 
> .2 

CORE DATA 

o u 

ta c o 

REMARKS 

- 30 

- 35 - 

- 40 - 

CLAY, some silt, 2.5 YR 5/6 - 5/8, red w/few 
weathered chert fragments, slightly moist, 25.0' to 
26.5", moist from 26.5" to 27.0' 12 

- 45 - 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.0' 
Cave in 4.0' 

Soil Boring grouted 5-1 -95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

vr 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13E 

6" HSA 
Powers, Hackworth 
4/27/95 

Logged By: R. Sherrod/T. McGill, P.G. 

•0 
* 

SOIL DATA CORE DATA 

co 

Blow Count 

■a £ CO 

DESCRIPTION 
a> 
a 
E 
eg 
W 

■D 
IXJ   C 
_J      05 

5 >■ 

8 
a a REMARKS 

Q_ 
LU 

.C <   i 
>   o X *•* 

> 
0 tc 

Q (0 
o 
a 

Z  £ 
a 
c a 
_i 

CO 

Vegetative Cover, sparse grass over gravel N 17 Boring Location: 

Topsoil w/roothairs and gravel; 0.0' to 0.4" II 6 27" N, ITSB13 in vicinity 

SILTY CLAY, 7.5 YR 5/2, brown w/orushed limestone 

aggregate, 0.4' to 1.57 1 5 
8 

11 of 806-4 
Split barrel sampler 

CLAY, some silt, 2.5 YR 4/4, reddish brown w/trace 

of chert fragments 

dimensions: 
2.0" O.D. 

cuttings: Clay, some silt, 2.5 YR 4/4 - 4/6, reddish 

1.5" I.D. 
24.0" Length 

brown to red, trace of weathered chert fragments, no 

odor 

-   5   - CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, trace of weathered chert and limestone P N " 2 " 

5 
- fragments, occasional yellow silt mottling, no odor l "   8   " 13 

- 
12 

- 

- 
cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, few '        " 

' 
weathered chert fragments up to 112" in size, slightly 
moist, no odor 

- 10 - CLAY, some silt, 5 YR 4/6, yellowish red, few black 
oxidized nodules, trace of chert and limestone P N " 8 ~ 

11 No recovery from 10.5' to 
" fragments, slight sweet odor 1 " 19 " 30 12.0" 

• 
21 

■ 

- 
cuttings: Clay, 5 YR 4/4 - 4/6, reddish brown to red. 

- 

trace of weathered chert, few dolomite fragments up 
to 1" in size, moist, slight sweet odor 

- 15 - SILTY CLAY, little sand, 5 YR 4/6, yellowish red P N "11~ 
m 

w/few subangular chert fragments up to 3/4" in size, 30 No recovery from 15.5' to 
" moist, slight sweet odor " 17 ' 47 17.0' 

- m 18 
- 

■ 

cuttings: Silty Clay, some weathered chert, 2.5 YR to 
■ 5 YR 5/6, red to yellowish red, moist, slightly sweet 

- 20 - SILTY CLAY, 2.5 YR 4/8, red w/some chert and 
limestone fragments up to 3/4" in size, 20.0' to 20.57 

N " 3 " 
5 

- 

SILTY SANDY CLAY, 5 YR 5/8, yellowish red, mottled 
10 YR 6/6, brownish yellow w/few chert and highly % 

"   7   " 
9 

12 

- weathered siltstone fragments, moist, faint sweet " ' 
odor, 20.5" to 21.57 

" CLAY, some silt, 7.5 YR to 10 YR 6/6, yellow to 

brownish yellow 

cuttings: Clay, some silt, 7.5 YR 6/6, reddish yellow, 

22.0" to 24.07 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13E 
6" HSA 
Powers, Hackworth 
4/27/95 

Logged By: R. Sherrod/T. McGill, P.G. 

x 
D. 
1X1 
Q 

- 30 - 

DESCRIPTION 

Clay, some silt, 7.5 YR 6/4, light brown, moist, no 
odor 

SILTY CLAY, little sand, 7.5 YR 6/6, reddish yellow, 
mottled 7.5 YR 6/4, light brown, wet, no odor 

- 35 - 

- 40 - 

- 45 - 

SOIL DATA 

N 

Blow Count 

a 
a. 

UJ — 
3 it 

> .£ 
2 £ 

CORE DATA 

o o 

a 
c 

> 
o 
o 
o 

DC 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 12.0' 
Cave in 13.0' 

Soil Boring grouted 
4-27-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.0 bags 
cement used 

v 
» 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13F 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 4/27/95 
Logged By: R. Sherrod/T. McGill, P.G. 

»+- 

I 
r- DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
0) 
2. 
a. 
E 
to 
W 

Blow Count 

5 o 
> a a 

o 
#> 
■5 D  a; 

-J      0) Q. 
LU 
o <o 

o 
a 

5 5 
>   o 
Z  £ 

a 
c 
o 

—1 

> 
o 
o c 

cc 

Vegetative Cover, sparse grass and weeds ^ N 6 Boring Location: 

Topsoil, 7.5 YR 5/4, brown w/limestone aggregate; % 12 22'E 18'N, ITSB13in 
■ 0.0' - 0.6' 1 "   5   " 17 vicinity of Bldg. 806-4 

CLAY, 2.5 YR 4/4, reddish brown w/crushed 6 Split barrel sampler 
- limestone aggregate " dimensions: 

2.0" O.D. 
~ 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 

1.5" I.D. 
24.0" Length 

■ of weathered chert and limestone fragments, no odor 

-   5   - CLAY, some silt, 2.5 YR 4/8, red w/trace of chert 
fragments, 5.0' to 5.57 P N " 6 " 

2 

Soft drilling from 5.0' to 
9.0' 

" CLAYEY SILT, 10 YR 4/3 - 5/2, brown to grayish 1 "   1   " 3 

brown, trace of weathered chert fragments, moist. 2 
" odor of organic decay " No Water Encountered 

End of Split barrel 

cuttings: Silty Clay, 10 YR 3/3, dark brown, moist, 
sampling 22.0' 
True plumb depth before 

odor of decay, 7.0" - 8.57Clay, 2.5 YR 4/6, red, trace 
of chert, 8.5' to 10.0' 

auger removal 24.5' 
True plumb depth after 

- 10 - CLAY, some silt, 5 YR 5/6, yellowish red w/trace of 
weathered chert fragments up to 3/8" in size and P N " 3 " 

7 

auger removal 18.5'             ~ 
Cave in 6.0' 

" occasional 10 YR 6/8, brownish yellow silt inclusions. 1 "   7   " 14 Soil Boring grouted 
no odor 9 4-27-95 using standard 

* mixing ratio of: 
approximately 6 gals, of 

cuttings: Clay, some silt, 5 YR 4/6, yellowish red 

water; 
1 (94 lb) bag cement 

w/trace of chert fragments up to 3/8" in size, slightly 
moist, no odor 

(Dixie Type 1); 
3 lb quick gel high yield 

- 15 - ■»             «■ ben ton it e with 4.5 bags      - 
CLAY, some silt, 2.5 YR 4/8 - 5/8, red, few 5 YR 7/2, N 5 cement used 
light gray silt inclusions w/highly weathered limestone w 5 
pocket @ 1 6.3', trace of weathered chert fragments. 1 "   7   " 12 
more chert and limestone content, 16.0' to 17.0', 7 

slightly moist, no odor 

cuttings: Clay, 2.5 YR 4/6, red, trace of weathered 
chert fragments, slightly moist, faint organic odor of 
decay 

- 20 - CLAY, some silt, 2.5 YR 4/6 - 4/8, red w/trace of 
weathered chert fragments and occasional black ^ 

N " 9 ~ 
7 

■ oxidized streaks, moist, no odor i "   6   " 13 

- 
13 

- 

- 
cuttings: Clay, 2.5 YR 4/6 - 4/8, red, trace of chert. 

- " 

moist, no odor 

Auger Refusal @ 24.5* 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of  1 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13G 

6" HSA 
Powers, Hackworth 
5/4/95 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

**- 

I 
h- 
0. 
UJ a 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
03 

a. 
E 
cs 

W 

Blow Count 

■o o 
5 o 

a 
c 
o 
_l 

> 
s > 
o 
a 
t> 

a a 

CD .> 
■c 

.c 
(6 
a 
a. 

N
-V

A
LU

E
 

(b
lo

w
s/

ft
) 

- 

Vegetative Cover, high grass and weeds 
Topsoil w/roothairs; 0.0' - 0.3' 
SILTY CLAY, 7.5 YR 5/4, brown, moist (from surface 
saturation due to heavy rain) 1 

N 1 
2 

"   2  " 
4 

4 

Boring Location: 

25' 120 degrees ESE, 
from SW comer of 
catwalk on southside 
of BIdg. 806-4 
Split barrel sampler 
dimensions: 

- 

■ 

cuttings: Clay, some silt, 7.5 YR 6/4 - 5/6, light brown 
to strong brown, slightly moist, trace of weathered 
chert fragments up to 1/4" in size, no odor 

- 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

• 

1 

CLAY, some silt, 7.5 YR 5/6 - 5/8, strong brown, 
trace of weathered chert fragments up to 3/8" in size, 
slighty moist, no odor I N " 4 " 

6 
"   8   " 

10 
14 - 

- 
cuttings: Clay, some silt, 7.5 YR 5/6 - 6/6, strong 
brown to reddish yellow, trace of weathered chert 
fragments, no odor 

- 

Firm drilling from 8.0' to 
20.0' 

• 

-  10 - CLAY, some silt, 7.5 YR 5/6 - 5/8, strong brown 
w/trace of weathered chert fragments, 10.0' to 11.07 
SILTY CLAY, 5 YR 5/8, yellowish red w/highly 
weathered chert pockets @ 11.5' I N " 5 ~ 

6 
"   8   " 

10 
14 ■ 

- 
cuttings: Silty Clay, 5 YR 5/8 - 6/4, yellowish red to 
light reddish brown, mottled 10 YR 7/6, yellow 
w/highly weathered chert fragments, no odor 

- ■ 

-  15 - SILTY CLAY, 2.5 YR 6/8, light red to 5 YR 5/8, 
yellowish red w/few highly weathered chert and 
occasional 10 YR 7/6, yellow silt pockets, no odor i N " 3 ~ 

5 
"   7   " 

7 
12 - 

• 
cuttings: Clay, some silt, 5 YR 6/4 - 5/8, light reddish 
brown to yellowish red w/few highly weathered chert 
fragments up to 1 /4" in size, no odor 

- ■ 

- 20 - SILTY CLAY, 5 YR 5/8, yellowish red, mottled 10 YR 
7/6, yellow w/trace of weathered chert fragments, 
slightly moist, no odor 

I 
1 

N " 2 ~ 
5 

"   8   " 
12 

13 - 

- 
cuttings: Clay, some silt, 5 YR 5/8, yellowish red 
w/some highly weathered chert pockets, slightly 
moist, no odor 

- • 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13G 
6" HS A 
Powers, Hackworth 
5/4/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

D. 

Q 

- 30 

- 35 - 

DESCRIPTION 

CLAY, some silt, 2. YR 5/8, red to 5 YR 5/8, 
yellowish red w/few weathered chert fragments and 
yellow silt inclusions, slightly moist, no odor 1 

SOIL DATA 
Blow Count 

4 
8 
10 
12 

ui 'S 
_1 n 
< $ > ° 

18 

CORE DATA 

o o 

a c o 

- 40 - 

- 45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

a 
a 
rr 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.0' 
Cave in 4.0' 

Soil Boring grouted 5-4-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonrte with 4.5 bags 
cement used 

» 
1 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13H 
6" HSA 
Powers, Hackworth 
5/1/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LU 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

uj — 
D it _l n 
< i 
> o 

CORE DATA 

o 
o 
x 

c o 

a 
a REMARKS 

-   5  - 

- 10 - 

- 15 - 

* 

20 - 

Vegetative Cover, high grass 
Topsoil w/roothairs; 0.0' - 0.3' 
SILTY CLAY, 5 YR 4/4, reddish brown, mottled 10 YR 
6/4, light yellowish brown w/limestone fragments 

cuttings: Clay, some silt, 7.5 YR 5/4 - 4/6, brown to 
strong brown w/trace of limestone fragments and few 
weathered chert fragments, no odor 

SILTY CLAY, 5 YR 4/4, reddish brown to 7.5 YR 4/6, 
strong brown w/few weathered chert fragments, 5.0' 
to 6.57 
HIGHLY WEATHERED CHERT, 7.5 YR 7/2, pinkish 
gray, slightly moist 

cuttings: Silty Clay, 5 YR to 7.5 YR 5/6 - 5/8, 
yellowish red to strong brown, no odor 

SILTY CLAY, 7.5 YR 5/6 - 5/8, strong brown 
w/weathered chert fragments, 10.0' to 11.07 
HIGHLY WEATHERED CHERT, 7.5 YR 6/4 - 7/4, light 
pinkish brown 

cuttings: Highly weathered chert, 12.0' to 13.07 
Silty Clay, 7.5 YR 5/8, strong brown w/weathered 
chert, no odor 

SILTY CHERTY CLAY, 7.5 YR 5/4 - 5/6, brown to 
strong brown, 15.0' to 15.87 
CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, few 
dark oxidized nodules, trace of weathered limestone 
fragments 

cuttings: Clay, some silt, 5 YR 5/8, yellowish red, 
mottled 2.5 YR 4/8 - 5/8, red, from 19.0' to 20.0" 
few weathered chert fragments up to 1 /4" in size 

SILTY CLAY, 5 YR 5/6 - 6/6, yellowish red and 
reddish yellow, mottled 10 YR 6/6 - 7/6, brownish 
yellow w/few weathered chert fragments from 20.5' 
to 21.0', no odor 

cutting: Clay, some silt, 5 YR 5/6, yellowish red, trace 
of weathered chert fragments, slightly moist, firm, no 
odor 

7 
12 
12 
9 

5 
6 
9 
12 

7 
20 
10 
10 

24 

16 

15 

14 

30 

Boring Location: 
11' 220 degrees SW, 
from SW corner of 
catwalk on southside of 
Bldg. 806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Drilling through 
contamination of chert 
zone to 13.0' 

Firm drilling from 19.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13H 

6" HSA 
Powers, Hackworth 
5/1/95 

Logged By: R. Sherrod/T. McGill, P.G. 

I 
r- o. 
LU 
a 

DESCRIPTION 

CLAY, some silt, 5 YR 5/8, yellowish red, mottled 10 
YR 6/8 - 7/8, brownish yellow w/few weathered chert 
fragments, no odor 

SOIL DATA 
Blow Count 

3 a: 
_i n 

$ $ 
> .2 
2 J3 

CORE DATA 

o u 

a 
c 

SP 

Q 
O 
DC 

REMARKS 

- 30 - 

- 35 - 

€u 

5 
7 
9 

11 
16 

-  40 - 

- 45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 20.0' 
Cave in 5.0' 

Soil Boring grouted 5-1 -95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13I 

6" HSA 
Powers, Hackworth 
5/1/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 

Q. 
LU 
Q 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative cover, high grass over loose gravel 
Topsoil w/roothairs and limestone gravel; 0.0' - 0.3' 
CLAY, some silt, 2.5 YR 4/6 - 4/8, red w/trace of 
weathered chert fragments, yellow silt inclusions and 
black oxide streaks, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6, red, trace of 
weathered chert fragments up to 3/8" in size, trace of 
limestone f raments, no odor 

CLAY, some silt, 2.5 YR 4/4 - 4/6, reddish brown to 
red w/trace of weathered chert fragments and 
occasional 10 YR 7/6, yellow silt mottling, slightly 
moist, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red 
w/trace of weathered chert fragments up to 3/8" in 
size, slightly moist, no odor 

CLAY, some silt, 2.5 YR 4/8, red w/trace of 
weathered chert fragments, moist, soft, 10.0' to 
10.77 
SILTY CLAY, 5 YR 5/8, yellowish red, mottled w/10 
YR 6/8, brownish yellow silt inclusions, few 
weathered chert fragments, slightly moist, no odor 

cuttings: Silty Clay, 5 YR 5/6 - 5/8, yellowish red 
w/few weathered chert fragments up to 112" in size 
and 10 YR 7/6, yellow silt inclusions, slight odor of 
organic decay 

SILTY CLAY, 5 YR 5/6 - 5/8, yellowish red, mottled 
10 YR 7/6, yellow w/few weathered chert fragments 
and occasional highly weathered chert pockets, no 
odor 

cuttings: Clay, some silt, 5 YR 5/8, yellowish red, few 
weathered chert fragments, no odor 

CLAY, some silt, 5 YR 5/8, yellowish red, mottled 10 
YR 6/8 - 7/8, brownish yellow to yellow, few 
weathered chert fragments, 20.0' to 20.3', slightly 
moist, no odor 

cuttings: Clay, 5 YR 5/8, yellowish red to 2.5 YR 5/8, 
red w/few weathered chert fragments up to 1/2" in 
size, no odor 

I 

1 

I 

SOIL DATA 
Blow Count 

CO 

10 

10 
12 

UJ  ~ 
(0 

< 
>    o 
2   £ 

13 

13 

14 

16 

CORE DATA 

o u 

a c o 

£ 
D 
a REMARKS 

Boring Location: 

17' 15 degrees NNE, 
from NE corner of catwalk 
on southside of Bldg. 
806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 
Soft drilling from 4.5' to 
11.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13I 
6" HSA 
Powers, Hackworth 
5/1/95 

Logged By: R. Sherrod/T. McGill, P.G. 

o. 
Q 

DESCRIPTION 

CLAY, some silt, 2.5 YR 6/8, red w/few weathered 
chert fragments and occasional yellow silt inclusions, 
slightly moist, no odor I 

- 30 - 

- 35 - 

40 - 

- 45 - 

SOIL DATA 
Blow Count 

•a 
d 

to 

6 
6 
6 
8 

_J     o> 
<    i >    ° 

CORE DATA 

o 
ü 

a c o 

12 

Q 
O 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

Soil Boring grouted 5-1 -95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13J 

6" HSA 
Powers, Hackworth 
5/1/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

LU 
Q 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, none, limestone gravel surface 
Topsoil; none, loosely consolidated gravel, 0.0' - 0.5' 
CLAY, some silt, 2.5 YR 4/8, red w/occasional 10 YR 
6/8, brownish yellow silt inclusions, slightly moist, no 
odor 

cuttings: Clay, 2.5 YR 4/6 - 4/8, red w/trace of 
weathered chert and limestone fragments, moist, no 
odor 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red, trace of 
weathered chert fragments, few limestone fragments 
up to 3/4" in size, moist, no odor 

cuttings: Clay, 2.5 YR 4/8, red, mottled 5 YR 5/6, 
yellowish red and 5 YR 8/1, white w/weathered chert 
fragments up to 3/4" in size, moist, slight odor of 
organic decay 
CLAY, 2.5 YR 4/4 - 4/8, reddish brown to red, moist, 
10.0" to 10.57 
CLAY, some silt, 5 YR 5/6, yellowish red w/few 10 
YR 7/6, yellow silt inclusions, 10 YR 7/2 - 8/1, light 
gray weathered sandstone @ 11.5' to 11.8', 

cuttings: Clay, 5 YR 5/6 - 5/8, yellowish red, trace of 
weathered chert fragments, slightly moist 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, trace 
of weathered chert fragments 

cuttings: Clay, some silt, 5 YR 5/8, yellowish red, 
mottled 10 YR 7/6, yellow, trace of chert fragments 
up to 112" in size, slightly moist, no odor 

CLAY, some silt, 5 YR 5/8, yellowish red, few chert 
fragments up to 3/8" in size, trace of yellow silt 
mottling, many fine subangular chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, slight odor of decay 

1 

1 

SOIL DATA 
Blow Count 

•a 
.c 
to 
o a. 

9 
5 
4 
4 

5 
7 
11 
24 

7 
10 
14 
19 

10 
12 
16 
20 

18 

24 

28 

CORE DATA 

o 
CJ 

a 
e 
o 

a 
a REMARKS 

Boring Location: 
29' 10 degrees N, 
from NE corner of catwalk 
on southside of Bldg. 
806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Hard drilling from 18.0' to 
23.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13J 
6" HSA 
Powers, Hackworth 
5/1/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
HI 
Q 

- 30 - 

DESCRIPTION 

CLAY, some silt, 2.5 YR 4/8, red, trace of weathered 
chert fragments, trace of 10 YR 8/6, yellow silt 
mottling, no odor 1 

- 35 - 

- 40 - 

SOIL DATA 

- 45 - 

Blow Count 

£ 
ID 

o a 

3 
5 
7 

16 

3 ^ 
_J 01 

< i 
> o 
Z £. 

12 

CORE DATA 

o > 
6 > 
o 
u 
o 

0E 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

a REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.0' 
Cave in 3.0' 

Soil Boring grouted 5-1 -95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB13K 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/10/95 
Logged By: R. Sherrod/T. McGill, P.G. 

o. 
HI 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

■5 
.c 

6 
a. 

O it _i n 
< $ > ° 
z £ 

CORE DATA 

o 
CJ 

a 
c o 

BE 

REMARKS 

-   5   - 

- 10 - 

- 15 - 

- 20 - 

Vegetative Cover, none, limestone gravel surface 
Topsoil; none, firmly consolidated gravel, 0.0' - 1.0' 
SILTY CLAY, 2.5 YR 5/4 - 5/6, reddish brown w/2.5 
YR 6/4, light reddish brown limestone aggregate 

cuttings: Silty Clay, 2.5 YR 4/6 - 4/8, red, few 
limestone fragments, slightly moist, no odor 

SILTY CLAY, 2.5 YR 4/8, red to 5 YR 5/6, yellowish 
red, few 10 YR 7/6, yellow silt inclusions, trace of 
limestone and weathered chert fragments, moist, no 
odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red, slightly 
moist, no odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, mottled 10 YR 7/6, yellow w/occasional 
silt inclusions, trace of limestone and chert fragments, 
slightly moist, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, trace of weathered chert fragments, 
slightly moist, no odor 

SILTY CLAY, 2.5 YR to 5 YR 5/6, red to yellowish red 
w/10 YR 6/4, light yellowish brown silt mottling and 
few 10 YR 6/2, light brownish gray weathered 
limestone inclusions, no odor 

cuttings: Clay, some silt, 5 YR 5/6 - 5/8, yellowish 
red, trace of weathered chert fragments up to 1/2" in 
size, slightly moist, no odor 

CLAY, some silt, 2. 5YR to 5 YR 5/6, red to yellowish 
red, trace of yellow silt inclusions and weathered chert 
fragments, no odor 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/6, red to 
yellowish red, slightly moist and darker red @ 24.0' to 
25.0', no odor 

9 
13 
8 
4 

4 
5 
7 
10 

12 
9 
10 
14 

4 
6 
9 
11 

21 

Boring Location: 

13' 320 degrees NW, 
ITSB13 in vicinity of Bldg. 
806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

12 

19 

15 

Firm drilling from 15.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13K 

6" HSA 
Powers, Hackworth 
5/10/95 

Logged By: R. Sherrod/T. McGill, P.G. 

i- 
tu 
Q 

- 30 - 

DESCRIPTION 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red w/trace of 2.5 
YR 5/4, reddish brown silt inclusions and few 
subangular 10 YR 5/1, gray chert fragments up to 
1/2" in size I 

- 35 - 

- 40 - 

- 45 - 

SOIL DATA 

Blow Count 

■D 

.c 
to 
a 
D. 

4 
4 
9 

11 

UJ ~ 
3 it 
_J « 

$ $ 
> .2 
2! -P. 

13 

CORE DATA 

-D 
O 
o o 

a c 

> 
o 
o o 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

Q 
a 
DC 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

Soil Boring grouted 
5-10-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13L 

6" HSA 
Powers, Hackworth 
5/10/95 

Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

a. 
UJ 
Q 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, thin grass over gravel surface 
Topsoil w/crushed limestone aggregate; 0.0' - 0.4' 
CLAY, some silt, 2.5 YR 4/6 - 4/8, red, trace of chert, 
moist/ 
CLAY w/black charred, sludge-like organic material, 

moist, sticky, no odor 

cuttings: Black, oozing charred material w/clay, very 
soft, moist, sticky, 2.0' - 3.07 
Clay, some silt, 2.5 YR 5/6, red w/highly weathered 
chert, moist, no odor 

SILTY CLAY, 2.5 YR 5/6, red w/highly weathered 
chert pockets, moist to wet, no odor 

cuttings: Clay, some silt, 2.5 YR 5/6, red w/trace of 
weathered chert fragments, 7.0' to 9.07Silty Clay, 
7.5 YR 5/6, strong brown, moist, no odor 

SILTY CLAY, 7.5 YR to 10 YR 5/6, strong brown to 
yellowish brown w/highly weathered chert fragments, 
moist, no odor 

cuttings: Clay, 2.5 YR 6/8, red w/oozing dark gray 
sludge-like material, 13.0' to 14.07Clay, 14.0' to 
15.0' 

CLAY, some silt, 2.5 YR to 5 YR 5/8, red to yellowish 
red w/trace of yellow silt deposits and few weathered 
chert fragments, slightly moist, no odor 

cuttings: Silty Cherty Clay, 2.5 YR 4/8, red to 5 YR 
5/8, yellowish red, moist, no odor 

SILTY CHERTY CLAY, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, few yellow silt inclusions, highly 
weathered chert pockets w/black mottling and dark 
nodule-like inclusions @ 21.8', slightly moist 

cuttings: Clay, 5 YR 5/6, yellowish red w/black 
mottling, 22.0' - 23.07 Sludge-like material, black, 
.moist to wet, oozing, no odor, 23.0' to 23.5' 

I 

SOIL DATA 
Blow Count 

-o 

«0 

4 
4 
6 
9 

5 
7 
9 
11 

UJ   ~ 

10 

16 

12 

CORE DATA 

o u 

a 
c 
a 

$ 

<B > 
O o 
o 

Q 
o 
tc 

REMARKS 

Boring Location: 

17' 123 degrees ESE, 
ITSB13 in vicinity of Bldg. 
806-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 

1.5" I.D. 
24.0" Length 
Very soft drilling from 1.5' 
to 10.0' 

Auger Refusal @ 23.5' 
No Water Encountered 

End of Split barrel 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB13L 
6" HSA 
Powers, Hackworth 
5/10/95 

Logged By: R. Sherrod/T. McGill, P.G. 

x 
0. 

DESCRIPTION 

SOIL DATA 

- 30 - 

- 35 - 

Blow Count 

.> 
•5 
.c 
to 
o 
a 

- 40 - 

tu -Z 
3 *: 
_i at 

3 i 
> .2 

CORE DATA 

o 
u 

a c o 

- 45 - 

> o o o 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY. INC. 

a REMARKS 

sampling (&) 22.0' 
True plumb depth before 
auger removal 23.5' 
True plumb depth after 
auger removal 19.8' 
Cave in 3.7' 

Soil Boring grouted 
5-10-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

Page 2 of 2 



BORING LOGS - SITE 3 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02A 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/3/95 
Logged By: R. Sherrod/T. McGill, P.G. 

SOIL DATA CORE DATA 

en 

Blow Count **— 
•a # 

I DESCRIPTION 
© 
a. 
£ 
eg 

CO 

■5 
HI   ~ 
3   it 
—I    n 

O 
Ü 

>■ 

o 
a a REMARKS 

0- 
LU 
Q CO 

o a 

>    o 
o» 
c 
o 

> 
0 o 
09 

tc 

tr 

Vegetative Cover, thick grass JÄ N 3 Boring Location: 

Topsoil w/roothairs and some limestone gravel; 0.0' - v£ 5 21' 103 degrees ESE, 

0.5' 
CLAY and GRAVEL, 2.5 YR 5/4, reddish brown, 0.5' i "   6  " 

5 
11 

—. 
from MW66 on north side 
of Bldg. 803-4 

to 1.57 
CLAY, some silt, 2.5 YR 4/8 - 5/8, red w/trace of 

Split barrel sampler 
dimensions: 

weathered chert fragments, no odor 

cuttings: Clay, some silt, 2. 5YR 4/8 - 5/8, red 

2.0" O.D. 
1.5" I.D. 
24.0" Length w/trace of weathered chert fragments up to 3/8" in 

-   5   - 
size 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/trace of weathered chert fragments V? 

N " 4 " 
7 

- 

' and occasional yellow silt inclusions, no odor i "   9   " 16 
10 

No recovery from approx. 
6.0' to 7.0' due to gravel 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
trapped in spoonhead 
Soft drilling from 7.0' to 

" 
yellowish red, trace of weathered chert fragments up 
to 3/8" in size, slightly moist 

10.0' 

- 10 - M                 ■■ _ 
CLAY, some silt, 5 YR 4/6 - 5/8, yellowish red. w> N 3 
mottled 10 YR 6/8, brownish yellow, occasional % 4 

" yellow silt inclusions, highly weathered chert 1 "   6   " 10 

- 
fragments @ 11.5' to 11.8', no odor 9 

- 

- 
cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 

- - 

yellowish red, trace of weathered chert fragments up 
to 112" in size 

- 15 - _      M . 
CLAY, some silt, 5 YR 4/6 - 5/8, yellowish red. N 3 
mottled 10 YR 7/6, yellow w/occasional silt 0 3 . 
inclusions, trace of weathered chert, high plasticity i "   5  " 8 

- 
5 

- 

" 
cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, "        " " 

" yellowish red, no odor 

- 20 - CLAY, some silt, 5 YR 4/6 - 5/8, yellowish red, 
mottled 10 YR 5/8, yellowish brown w/occasional silt 

50 N " 4 " 
4 

- 

* inclusions, medium plasticity, trace of black oxidized 1 "   8   " 12 

- 
nodules @ 21.5', no odor 5 

■ 

- 
cuttings: Clay, some silt, 5 YR 5/8, yellowish red 

- ■ 

w/trace of weathered chert fragments up to 112" in 
size, no odor 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02A 
6" HSA 
Powers, Hackworth 
5/3/95 

Logged By: R. Sherrod/T. McGill, P.G. 

QL 
UJ 
O 

DESCRIPTION 

30 - 

- 35 - 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red 
w/occasional 10 YR 7/6, yellow silt inclusions, trace 
of weathered chert fragments, brown oxidized nodules 
<g> 25.0" to 26.0', high plasticity, no odor 1 

SOIL DATA 

Blow Count 

c .> 
-5 

(b 

3 
6 
8 
10 

uj   — 

_l      CO 

>    £ 

14 

- 40 

- 45 - 

CORE DATA 

o o 

CD 
c « 

# 

C9 
E 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.0' 
Cave in 3.0' 

Soil Boring grouted 5-3-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
ben ton it e with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAPSite 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02B 

6" HSA 
Powers, Hackworth 
5/3/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
UJ 
o 

DESCRIPTION 

-   5 - 

- 10 - 

- 15 - 

- 20 - 

Vegetative Cover, none, bare clayey topsoil surface 
Topsoil and clay, 7.5 YR 4/4, brown w/few limestone 
gravel; 0.0' - 0.5' 
SILTY CLAY, 2.5 YR 4/4 - 5/4, reddish brown 
w/crushed limestone fines and gravel, 0.5' to 1.57 
CLAY, 2.5 YR 4/6 - 4/8, red w/trace of weathered 
chert fragments 

cuttings: Clay, some silt, 2. 5YR 4/4 - 4/8, reddish 
brown to red w/trace of weathered chert fragments up 
to 3/8" in size, no odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/10 YR 6/6, brownish yellow mottling, 
trace of 10 YR 4/6, red streaks, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, trace of chert fragments, no odor 

CLAY, some silt, 2.5 YR to 5 YR 4/8, red to yellowish 
red, mottled 10 YR 6/8, brownish yellow w/few silt 
inclusions, trace of weathered chert fragments, no 
odor 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, trace of weathered chert fragments up 
to 3/8" in size, no odor 

CLAY, some silt, 2.5 YR to 5 YR 5/8, red to yellowish 
red, trace of weathered chert fragments up to 3/8" in 
size, no odor, 15.0' to 15.57 
SILTY CHERTY CLAY, 5 YR 5/8, yellowish red 
w/highly weathered chert fragments, slightly moist, 
15.5'to 16.07 
WEATHERED LIMESTONE, 10 YR 6/1, gray, dense 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, trace of chert and limestone fragments, 
slightly damp but powdery, no odor 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, trace 
of chert fragments, medium plasticity, no odor 

cuttings: Clay, some silt, 5 YR 5/6, yellowish red, 

trace of weathered chert fragments, faint sweet odor 
detected from 24.0' to 25.0' 

1 

I 

SOIL DATA 
Blow Count 

73 

d 
10 

10 
10 

5 
7 
9 
10 

3 
7 

40 
17 

D a; 
_1 0) 

> o 
z £ 

13 

16 

16 

47 

15 

CORE DATA 

o 
u 

a 
c o 

£ 

> 
o o 
o 

D 
O REMARKS 

Boring Location: 

12' 6 degrees N, from 
MW66 on north side of 
Bldg. 803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 5.0' to 
15.0' 

Very hard drilling through 
weathered limestone rock 
from 
16.0'to 17.5' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02B 

6" HSA 
Powers, Hackworth 
5/3/95 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

SOIL DATA CORE DATA 

Blow Count ♦* +-* »^ **- 
CO 

69 ■o £ 
I DESCRIPTION 

69 

a. 
E 
69 

(/) 

-5 
_>    n 

5 
O 

> 
69 

a 
a REMARKS 

0. 
LU 
a to 

69 

$    5 
>     0 
z £. 

X 
*■» 
0» 
c 
69 

> 
0 
u 
69 

cc 

a _l 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, high % N 3 
plasticity, sweet odor % 5 

■ % -   8  " 13 

- ft 
9 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 

" sampling 27.0' 
True plumb depth before 

- 30 - ™      ~ auger removal 25.0' 
True plumb depth after 

- - auger removal 23.0' 
Cave in 2.0' 

'          " 
Soil Boring grouted 5-3-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 

- 35 - (Dixie Type 1); 
3 lb quick gel high yield 

_ - bentonite with 5.0 bags 

• - 
cement used 

- 40 - - 

- 45 - -      - - 

- 

■ 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02C 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/3/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

-  10 - 

Q. 
1X1 a 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative cover, gravel surface, removed to a depth 
of 0.2' to begin sampling 
Topsoil, 10 YR 4/4, dark yellowish brown w/some 
limestone gravel; 0.2' - 0.7' 
No recovery from 0.7' to 2.0' due to loose gravel 

cuttings: Clay, some silt, 2.5 YR 4/6, red to 5 YR 5/6, 
yellowish red w/trace of weathered chert fragments 
and few limestone gravel, strong sweet odor, 3.0' to 
4.0' 
CLAY, some silt, 2.5 YR 4/6 - 4/8, red, mottled 10 YR 
4/8, strong red w/occasional 10 YR 7/6, yellow 
mottling and trace of weathered chert fragments, 
slight sweet odor 

cuttings: Clay, 2.5 YR to 5 YR 5/8, red to yellowish 
red, moist, glistening, high plasticity, strong sweet 
odor 

CLAY, 2.5 YR 4/6, red, slightly moist, 10.0' to 11.57 
SILTY CLAY, 5 YR 5/8, yellowish red w/10 YR 7/6, 
yellow mottling, moist, glistening, sweet odor 

cuttings: Clay, 2.5 YR to 5 YR 5/8, red to yellowish 
red, moist, strong sweet odor 

CLAY, 2.5 YR 4/8, red, moist, 15.0' to 15.57 
SILTY CHERTY CLAY, 5 YR 5/6 - 5/8, yellowish red 
w/few highly weathered chert fragments, sweet odor 

cuttings: Clay, some silt, 2.5 YR 5/8, red, trace of 
weathered chert fragments up to 3/8" in size, sweet 
odor 

CLAY, some silt, 5 YR 4/6 - 5/8, yellowish red 
w/occasional 10 YR 7/6, yellow mottling, highly 
weathered chert pocket w/subangular fragments up to 
1" in size @ 21.0' to 21.3', slight sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, trace of weathered chert fragments, 
slight sweet odor 

I 

SOIL DATA 
Blow Count 

(0 

3 
4 
2 
7 

2 
2 
3 
8 

1 
7 
8 
10 

2 
4 
10 
12 

ui "Z 
Z> *; 
_l 0) 

> £ 
2 =0 

15 

14 

CORE DATA 

o u 

o c o 

> o o o 
GE 

o 
o REMARKS 

Boring Location: 
25' 291 degrees WNW, 
from MW66 on north side 
of Bldg. 803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Soft drilling from 7.0' to 
14.0' 

Drill struck hard material 
@ approx. 14.0'; 
not observed in cuttings 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of  2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02C 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/3/95 
Logged By: R. Sherrod/T. McGill, P.G. 

x 
H 
D. 
LLI 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

c 
<o 
w 

a. 

iu ~ 
D a: 
_J a 

> £ 
± Ja 

CORE DATA 

o 
o 

o 
c 

> o o a 
tc 

a 
a 
tc 

REMARKS 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red w/occasional 10 YR 7/6, yellow silt 
inclusions, dark brown to grayish black oily staining 
from 26.0' to 27.0', no odor 1 

- 30 - 

35 - 

- 40 - 

12 

- 45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

Soil Boring grouted 5-3-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02D 

6" HSA 
Powers, Hackworth 
5/2/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

Q. 
LU 
Q 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, high grass and weeds 
Topsoil, 10 YR 4/3, dark brown w/roothairs and few 
gravel; 0.0' - 0.B' 
SILTY CLAY, 2.5 YR 4/6 - 4/8, red w/trace of 
weathered chert fragments and limestone gravel 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of chert fragments, slight odor of decaying vegetation 

SILTY CLAY, 2.5 YR 4/8, red to 5 YR 5/6, yellowish 
red w/10 YR 6/6, brownish yellow silt inclusions and 
trace of weathered chert fragments, low plasticity, no 
odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR, 
yellowish red, trace of weathered chert fragments, no 
odor 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red 
w/occasional 10 YR 7/4 - 7/6, yellow silt inclusions, 
trace of highly weathered chert fragments, no odor 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, trace of weathered chert fragments up 
to 1 /4" in size, no odor 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, 
mottled 10 YR 6/6 - 7/6, brownish yellow w/trace of 
weathered chert fragments, no odor 

cuttings: Clay, some silt, 5 YR to 7.5 YR 5/6, 
yellowish red to strong brown, trace of weathered 
chert fragments up to 112" in size, no odor 

CLAY, some silt, 5 YR 5/6, yellowish red w/trace of 
weathered chert and limestone fragments, black 
oxidized inclusions @ 21.2' to 21.5', no odor/ 
WEATHERED LIMESTONE, 10 YR 6/1, gray, powdery 
fines and fragments, 21.5' to 22.0' 

cuttings: Clay, some silt, 5 YR 4/6 - 5/8, yellowish red 
w/trace of weathered chert fragments, no odor 

1 

SOIL DATA 
Blow Count 

> 
■5 

ID 

O a 
2 
3 
3 
4 

4 
6 
6 
10 

3 
6 
10 
13 

5 
4 
7 
10 

4 
6 
7 
13 

UJ 5J 
D = 
_l to 
< i > ° 
z a 

12 

16 

11 

13 

CORE DATA 

s 5 u 
£ 
c o 

# 

> 
o 
u 
o 

GC 

REMARKS 

Boring Location: 
44' 115 degrees ESE, 
from SW corner of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 5.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02D 
6" HS A 
Powers, Hackworth 
5/2/95 

Arlington, Virginia Logged By R. Sherrod/T. McGill, P.G. 

I 
H 
LU 
Q 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
n o 
a 
E a 
V) 

Blow Count **- 
■ö 
o 
6 o 
X 
a 
c o 

_l 

> 
> 
o a 
a 

cc 

a 
_> 
■5 

a 
a 

LU    — 

_J       01 

>     0 
Z   £ 

- 30 - 

CLAY, 5 YR 4/6 - 5/6, yellowish red, mottled w/10 YR 
7/4, pale brown silt inclusions, trace of subangular 
chert fragments up to 3/8" in size, no odor 1 

N 5 
7 

'   9   " 
12 

16 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

: 

- 35 - -      - 

Soil Boring grouted 5-2-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

- 40 - -     - - 

- 45 - -     - - 

• - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02E 

6" HSA 
Powers, Hackworth 
5/3/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

\ 

- 10 - 

0. 
LU 
a 

- 15 

20 - 

DESCRIPTION 

Vegetative Cover, sparse grass 
Topsoil w/gravel; 0.0' - 0.3' 
CLAY, some silt, 2.5 YR 4/4 - 4/6, reddish brown 
w/trace of limestone fines and weathered chert 

fragments, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of weathered chert fragments up to 1/8" in size, 

slightly moist, no odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, mottled w/occasional 10 YR 6/6, 
brownish yellow silt inclusions, trace of chert 

fragments 

cuttings: Clay, some silt, 2.5 YR 4/8 - 5/8, red, trace 
of chert fragments up to 3/8" in size, more silt content 
@ 9.0' to 10.0', no odor 

SILTY CLAY, little sand, 2.5 YR 5/8, red to 5 YR 5/6, 
yellowish red w/trace of weathered chert fragments, 

10.0'to 11.07 
HIGHLY WEATHERED CHERT, 5 YR 7/2, pinkish gray 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/trace of subangular chert fragments 
up to 3/8" in size, no odor 

SILTY SANDY CLAY, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/highly weathered chert fragments 
from 16.0' to 17.0' 

cuttings: Silty Clay, 2.5 YR 4/8 - 5/8, red w/trace of 
weathered chert fragments, no odor 

SILTY CLAY, 2.5 YR to 5 YR 5/8, red to yellowish 
red, mottled 10 YR, yellow, 20.0' - 21.07 
CHERTY CLAY, 5 YR 5/8, yellowish red 

cuttings: Clay, some silt, 5 YR 5/8, yellowish red, few 
weathered chert fragments, slightly moist, no odor 

I 

& 

I 

SOIL DATA 

Blow Count 

■o 
£ 

(0 
o 
a. 

2 
4 
3 
3 

5 
4 
4 
7 

4 
4 
7 
12 

2 
6 
10 
14 

4 
10 
15 
14 

<   5 
:>  o 

11 

25 

CORE DATA 

o 
u 
x 
CD 
c 
o 

£ 
REMARKS 

Boring Location: 

20' 122 degrees ESE, 
from SW comer of 
Bldg. 803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02E 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/3/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
H 
Q. 
LU 
o 

DESCRIPTION 

SOIL DATA 

Blow Count 

to 

_i    en 

>   .2 

CORE DATA 

o o 

JP 

> o a o 
tc 

a 
a 
0£ 

REMARKS 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red 
w/occasional 10 YR 6/6, brownish yellow silt 
inclusions and trace of weathered chert fragments, 
low plasticity, no odor 

- 30 - 

- 35 - 

- 40 - 

10 
12 
10 
10 

22 

- 45 - 

End of Auger 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.5' 
Cave in 1.5' 

Soil Boring grouted 5-3-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02F 

6" HSA 
Powers, Hackworth 
5/3/95 

Logged By: R. Sherrod/T. McGill, P.G. 

a. 
LU a 

-   5   - 

- 10 - 

DESCRIPTION 

- 15 

- 20 - 

Vegetative Cover, sparse grass over gravel (0.2' 
clear-off to begin split barrel sampling) 
Topsoil w/crushed limestone fines and gravel, 10 YR 

7/2, light gray; 0.2" - 1.4' 
CLAY, some silt, 2.5 YR 4/8, red, slightly moist 

cuttings: Clay, 2.5 YR 4/4 - 4/8, reddish brown to red, 
slightly moist, trace of chert fragments up to 1/4" in 

size, no odor 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red, trace of 
weathered chert fragment, black tarry inclusions @ 
5.5' 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of weathered chert fragments up to 1/8" in size, no 
odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, mottled 10 YR 6/6, brownish yellow 
w/silt inclusions, trace of weathered chert fragments/ 
HIGHLY WEATHERED CHERT, 10 YR 7/4, pale brown, 

11.8'to 12.0' 

cuttings: Clay, some silt, 2.5 YR 4/6 - 5/8, red, trace 
of weathered chert fragments up to 3/8" in size, no 
odor 

SILTY CLAY, 2.5 YR 4/8, red, mottled 10 YR 6/6, 
brownish yellow w/silt inclusions, slightly moist, 15.0' 
to 16.07 
HIGHLY WEATHERED CHERT, 10 YR 8/3, very pale 
brown, mottled 2.5 YR 4/8, red w/clay inclusions 

cuttings: Clay, some silt w/highly weathered chert, 
2.5 YR 4/8, red, no odor 

CLAY, some silt, 2.5 YR 4/8, red, 20.0' to 21.07 
SILTY CLAY, 2.5 YR 4/8, red to 5 YR 5/6, yellowish 
red, few highly weathered chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/highly 
weathered chert fragments, no odor 

1 

I 

1 

SOIL DATA 

Blow Count 

e .> 
■5 
c 

to 

4 
6 
5 
3 

4 
4 
6 
6 

2 
3 
10 
10 

3 
5 
8 
10 

UJ ~ 
3 a; 
_i n 
< 5 
> o 
z £ 

11 

10 

11 

13 

13 

CORE DATA 

o u 

c 
IB 

«£ 

8 > 
O 
Ü 
o 

cc 

a 
a 
cc 

REMARKS 

Boring Location: 

10' 235 degrees SW, from 
SW corner of Bldg. 803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 22.0' to 

25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02F 
BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/3/95 
Logged By: R. Sherrod/T. McGill, P.G. 

a. 
1X1 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

> 
•5 
.c 
(0 
o 
a. 

>   .2 
2    =q 

CORE DATA 

o o 
x 
a c o 

£ 

> o o o 
<r 

a 
or 

REMARKS 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, occasional yellow silt inclusions, trace 
of weathered chert fragments, plastic from 25.0' to 
26.0', brittle from 26.0' to 27.0', sweet organic odor 

- 30 - 

- 35 - 

- 40 - 

- 45 - 

14 
10 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.0' 
Cave in 4.0' 

Soil Boring grouted 5-3-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02G 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/2/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
UJ 
O 

DESCRIPTION 

SOIL DATA 
Blow Count 

uj ~ 
3 it _l n 

> o 
Z £ 

CORE DATA 

o u 
OB 
c 
o 

REMARKS 

-   5   - 

- 10 

- 15 

- 20 - 

Vegetative Cover, none, asphalt surface 
Topsoil, none, asphalt and gravel up to 3" in size, 0.0' 

-1.0' 
(1.0' clear-off to begin split barrel sampling) No 

recovery, 1.0' to 2.0' 
cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red w/few 
limestone gravel and trace of weathered chert 

fragments, no odor 

SILTY CLAY, 2.5 YR 4/8, red to 5 YR 5/6, yellowish 
red w/occasional 10 YR 6/8, brownish yellow silt 
inclusions and trace of weathered chert fragments, no 
odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, trace of weathered chert fragments up 
to 112" in size, no odor 

CLAY, some silt, 5 YR 4/4 - 4/6, reddish brown to 
yellowish red, trace of weathered chert fragments 

cuttings: Clay, some silt, 2.5 YR to 5 YR 4/6, red to 
yellowish red, trace of weathered chert fragments, no 
odor 

CLAY, some silt, 2.5 YR to 5 YR 5/6, red to yellowish 
red, trace of weathered chert fragments, occasional 
black oxidized streaks, no odor 

cuttings; Clay, 2.5 YR 4/8, red, trace of weathered 
chert fragments up to 3/8" in size, dry and powdery, 
no odor 

SILTY CLAY, little sand, 5 YR 4/6 - 5/8, yellowish red, 
mottled throughout w/highly weathered chert, 10 YR 
8/4, very pale brown 

cuttings: Silty Clay, 2.5 YR 5/6, red to 5 YR 5/8, 
yellowish red w/few weathered chert fragments up to 

3/4" in size, no odor 

11 
5 
6 

7 
6 

12 

1 
6 
4 
6 

4 
6 
8 
10 

Boring Location: 

31' 193 degrees SSW, 
from SW comer of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

11 

13 

10 

14 

N = Standard Penetration, S = Shelby, A = Auger 

GE0TEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT- 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02G 
BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/2/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
Ill 
Q 

DESCRIPTION 

- 30 - 

SILTY CLAY, 5 YR 5/8, yellowish red, mottled 10 YR 
8/4, yellowish white w/some highly weathered chert 
fragments 

- 35 - 

- 40 - 

SOIL DATA 
Blow Count 

o _> 
■5 
.c 
(6 
o a 

- 45 - 

6 
10 
12 
20 

ui ~ 
—I CD 

> o 
2 £ 

CORE DATA 

o o 

a 
c 

C9 > 
O 
Ü 
eg 

tr 

22 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

D 
o 
CC 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

Soil Boring grouted 5-2-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1 ); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02H 

6" HSA 
Powers, Hackworth 
5/2/95 

Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

- 10 - 

a. 
UJ 
a 

-  15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, thick weeds and briars 
Topsoil w/roothairs and gravel; 0.0' - 0.3' 
SILTY CLAY, 2.5 YR 4/4 - 4/6, reddish brown to red 
w/occasional 7.5 YR 5/4, brown mottling and trace of 
weathered chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red 
w/trace of weathered chert fragments, no odor 

SILTY CLAY, 5 YR 4/4, reddish brown w/few 
limestone gravel, 5.0' to 5.57 
CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/occasional 10 YR 6/6, brownish 
yellow silt inclusions, trace of chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red 
w/trace of weathered chert fragments up to 3/8" in 
size, no odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/occasional 10 YR 7/6, yellow mottling 
and trace of weathered chert fragments 

cuttings: Clay, 2.5 YR 4/8, red w/trace of weathered 
chert fragments up to 112" in size, no odor 

CLAY, some silt, 2.5 YR to 5 YR 5/8, red to yellowish 
red w/occasional 10 YR 7/6, yellow silt inclusions, 
15.0"-16.07 
SILTY CLAY, 5 YR 5/8, yellowish red w/highly 
weathered chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/8 red w/highly 
weathered chert, no odor 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, 
mottled 10 YR 7/6, yellow w/occasional silt streaks, 
trace of weathered chert fragments, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, trace of weathered chert fragments up 
to 1/2" in size, slight sweet odor 

I 

SOIL DATA 
Blow Count 

a 

5 
3 
6 
8 

3 
8 
13 
13 

3 
15 
28 
20 

in ~ 
Z> a: 
_l 01 

> £ 
z £ 

21 

43 

10 

CORE DATA 

o o 

a c o 

> 
o a o 

a 
a 
tc 

REMARKS 

Boring Location: 
41' 157 degrees SSE, 
from SW comer of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Hard drilling from 10.0' to 
19.5" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02H 
6" HSA 
Powers, Hackworth 
5/2/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q. 

Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

■a 
c 

(O 

o a 

HI ~ 

_l 01 

> .2 
Z £ 

CORE DATA 

o 
u 

a 
c a> 

a > 
o o 
<B 

a 
a REMARKS 

CLAY, some silt, 2.5 YR 4/8 - 5/8, red, trace of 
weathered chert fragments/ 

HIGHLY WEATHERED CHERT w/fragments up to 3/4" 
in size @ 26.0' to 26.5', no odor 1 

- 30 - 

- 35 - 

- 40 - 

4 
6 
7 
9 

13 

-  45 - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.0' 
Cave in 4.0' 

Soil Boring grouted 5-2-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02I 

6" HS A 
Powers, Hackworth 
5/2/95 

Logged By: R. Sherrod/T. McGill, P.G. 

0. 
LU 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

_J      CO 

>  £ 
■k   -P. 

CORE DATA 

o u 

0> 
c 
eg 

REMARKS 

-   5  - 

- 10 - 

-  15 - 

-20 - 

Vegetative Cover, grass (root zone 0.2') 
Topsoil w/little gravel and roothairs; 0.0' to 0.2' 
CLAY, some silt, 2.5 YR 4/4 - 4/8, reddish brown to 
red, trace of weathered chert fragments 

cuttings: Cl8y, some silt, 2.5 YR 4/6 - 4/8, red, slight 
sweet odor 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red w/occasional 
10 YR 7/6, yellow silt inclusions, few limestone 
fragments up to 1/2" in size from 5.0" to 5/5', trace 
of weathered chert fragments, slight sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red 
w/trace of weathered chert fragments up to 3/8" in 
size, slight sweet odor 

CLAY, some silt, 2.5 YR 4/8, red w/occasional 10 YR 
7/6, yellow silt inlcusions and trace of highly 
weathered chert fragments, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of weathered chert fragments up to 3/8" in size, dry 
powdery cuttings, no odor 

CLAY, some silt, 2.5 YR 4/8, red w/occasional 10 YR 
7/6, yellow silt inclusions, few weathered chert 
fragments, trace of dark brown oxidized fragments, 
medium plasticity, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/trace of 
weathered chert fragments up to 1/2" in size, no odor 

CLAY, 2.5 YR 4/8, red, 20.0' to 20.57 
HIGHLY WEATHERED CHERT, 7.5 YR 7/6, reddish 
yellow, 20.5' to 20.87 
CLAY, some silt, 5 YR 5/8, yellowish red w/10 YR 
7/6, yellow silt streaks, no odor 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, some chert fragments, no odor 

1 2 
5 
5 
5 

I". 

^ 

I 

I 

3 
4 
8 
8 

3 
6 
15 
12 

10 

Boring Location: 
57' 155 degrees SSE, 
from SW corner of 
Bldg. 803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

12 

21 

11 

Firm drilling from 10.0' to 
25.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02I 

6" HSA 
Powers, Hackworth 
5/2/95 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

SOIL DATA CORE DATA 

05 

Blow Count 

9 ^ 
X 
t- 
Q. 
tu 
Q 

DESCRIPTION 
ID 
a 
E a 

■5 

<o 
a 
a. 

LU    ~ 

—i    a 
<   5 
>   o 
z =£ 

6 u 
X 
a> 
c o 
_l 

>• 
> 
o a 
o 

a a REMARKS 

SILTY CLAY, little sand, 5 YR 5/8, yellowish red. N 6 
mottled throughout w/10 YR 8/2 - 8/3, very pale 

1 
12 

* brown, highly weathered chert, black, tarry inclusions "   8   ' 20 

- 
@ 24.5' to 25.0', no odor m 15 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 

" 
sampling 27.0' 
True plumb depth before 

- 30 - *■      ~ auger removal 25.0' 
True plumb depth after 

- auger removal 23.0' 
Cave in 2.0' 

'          " 
Soil Boring grouted 5-2-95 
using standard mixing 
ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 

- 35 - (Dixie Type 1); 
3 lb quick gel high yield 

- . bentonite with 5.0 bags 

■ 

cement used 

- 40 - -      - - 

- 45 - 

- 

- 

- - 

■ 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02J 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/11/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LU 
Q 

DESCRIPTION 

SOIL DATA 

</) 

Blow Count 

-a 
c 

10 

ut ~ 
—I 0> 
< $ 
> o 
2 =Q 

CORE DATA 

o 
u 

a c o 

> 
o 
0 
o 

a 
a 
c 

REMARKS 

-   5 - 

- 10 - 

- 15 - 

- 20 - 

Vegetative Cover, sparse weeds over gravel surface 
Topsoil; mostly gravel w/roothairs, 0.0' - 0.3' 
SILTY CLAY, 2.5 YR 4/4 - 4/6, reddish brown w/trace 
of limestone gravel and 10 YR 6/2, light brownish 
gray, limestone fines, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of weathered subangular chert fragments up to 1" in 
size, slightly moist, no odor 

CLAY, some silt, 2.5 YR 4/8 - 5/8, red, trace of 
weathered chert fragments up to 3/8" in size, 
occasional 10 YR 7/6, yellow mottling, medium 
plasticity, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8 - 5/8, red, trace 
of 10 YR 8/2 - 8/3, very pale brown, weathered chert 
fragments up to 1" in size, no odor 

CLAY, some silt, 2. 5YR 4/8 - 5/8, red, 10.0' to 
11.07 
SILTY CLAY, 5 YR 5/6 - 5/8, yellowish red 
w/occasional 10 YR 7/6, yellow silt inclusions and few 
highly weathered chert fragments 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red w/few weathered chert fragments up to 
3/8" in size, no odor 

SILTY CLAY, 5 YR 5/6 - 5/8, yellowish red 
w/occasional 10 YR 7/6, yellow mottling and highly 
weathered chert fragments, trace of highly weathered, 
10 YR 7/9 light gray, limestone fragments, faint sweet 
odor 

cuttings: Clay, some silt, 5 YR 5/6 - 5/8, yellowish 
red, few chert fragments up to 112" in size, sweet 
organic odor @ 19.0' 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, trace 
of weathered chert fragments and 10 YR 7/6, yellow 
mottling, glistening, slightly moist, strong sweet odor 

cuttings: Clay, some silt, 5 YR 4/6 - 5/8, yellowish red 
w/few weathered chert fragments up to 112" in size, 
strong sweet odor 

1 
4 
3 
5 

1 

12 

3 
6 
9 
13 

Boring Location: 

16' 10 degrees N, of 
ITSB02 in vicinity of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

12 

14 

15 

10 

Firm drilling from 10.0' to 
19.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02J 
6" HSA 
Powers, Hackworth 
5/11/95 

Logged By: R. Sherrod/T. McGill, P.G. 

o. 
LLI 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

ixi ~ 
3 st 
_J CO 

< s > ° 

CORE DATA 

o u 

a c o 

REMARKS 

CLAY, 5 YR 5/6 - 5/8, yellowish red, trace of 10 YR 
7/6, yellow mottling, glistening, moist @ bottom of 
sample, mottled 5 YR 6/4, light reddish brown w/dark 
nodules and streaks, strong sweet odor 1 

- 30 

- 35 - 

- 40 - 

- 45 - 

4 
5 
6 
9 

11 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.8' 
Cave in 1.2' 

Soil Boring grouted 
5-11 -95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bent on it e with 5.0 bags 
cement used 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02K 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

6" HSA 
Powers, Hackworth 
5/11/95 

Logged By: R. Sherrod/T. McGill, P.G. 

-   5  - 

- 10 - 

0. 
LLI 
O 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, sparse grass over gravel 
Topsoil; none, mostly crushed limestone gravel and 
fines w/little clay content, 0.0' - 0.7' 
No recovery from 0.7' to 2.0' 

cuttings: Gravel, little clay and silt, 5 YR 6/3 - 7/3, 
light reddish brown w/crushed limestone aggregate, 
dry, no odor 

GRAVEL, little clay and silt 7.5 YR 6/2, pinkish gray 
and 2.5 YR 6/2, pale red 

cuttings: Limestone Gravel w/some clay and silt, 7.5 
YR 6/4 - 5/6, light brown, no odor 

SILTY CHERTY CLAY, 5 YR 5/6 - 5/8, yellowish red, 
slightly moist, 10.0' to 11.57 
CLAY, 5 YR 5/6 - 6/6, yellowish red to reddish yellow, 
slightly moist, high plasticity, sweet odor 

cuttings: Clay, some silt, 5 YR 5/8, yellowish red, 
glistening, moist, strong sweet odor w/evidence of 
organic volatile residue 

CLAY, some silt, 5 YR 5/8 - 6/8, yellowish red and 
reddish yellow, few highly weathered chert fragments 
and 10 YR 7/8, yellow silt inclusions, moist, strong 
sweet odor 

cuttings: Clay, 5 YR 6/6, reddish yellow, glistening, 
wet w/sheen, high plasticity, very strong sweet odor, 
transition to drier, siltier material @ 18.5' 

SILTY CLAY, 5 YR 5/8 - 6/8, yellowish red and 
reddish yellow w/occasional 10 YR 7/6, yellow 
mottling and few highly weathered chert fragments, 
20.0' to 21.5', slightly moist, sweet odor/ 
LIMESTONE, highly weathered, 5 YR 6/2, pinkish 
gray, some sweet odor 

cuttings: Silty Clay, 5 YR 6/6 - 6/8, reddish yellow, 
slightly moist, sweet odor stronger @ 24.0' to 25.0" 

SOIL DATA 
Blow Count 

■o 

(6 

3 
5 
5 
4 

3 
4 
7 
5 

3 
4 
7 
4 

3 
5 
7 
15 

LU ~ 
=> =t 
—I «1 
< i 
> 2 
z £ 

10 

11 

11 

12 

CORE DATA 

o o 
a c o 

# 

o > 
o a o 
K 

REMARKS 

Boring Location: 
10'346 degrees NNW, of 
ITSB02 in vicinity of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Loss of recovery from 5.2' 
to 7.0' 

Loose gravel fill to a depth 
of approximately 9.5' 

Nearly saturated clay from 
17.0" to 18.5" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB02K 
6" HSA 
Powers, Hackworth 
5/11/95 

Arlington, Virginia Logged By R. Sherrod/T. McGill, P.G. 

*-* **— 

I 
H 
Q_ 
UJ 
Q 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
« 
a 
a. 
E 
a 

W 

Blow Count 

o 
o u 

a 
c 
o 

_1 

£ > 
o u 
o 

a 
o 

o .> 
■a 

o 
a 

UJ    ~ 
D   S; 
_J    a 

£    5 
>   o 
Z  £. 

- 30 - 

SILTY CLAY, 5 YR 6/6 - 6/8, reddish yellow w/black 
glistening organic inclusions @ 25.5' to 26.5' and 
highly weathered chert fragments from 26.0' to 27.0', 

slightly moist, sweet odor 1 
N 5 

7 
" 11 " 

15 
18 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.2' 
Cave in 1.8' 

- 35 - -     - 

Soil Boring grouted 
5-11 -95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

- 40 - -     - - 

- 45 - -     - - 

- 

- - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02L 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/11/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LU 
o 

DESCRIPTION 

SOIL DATA 
Blow Count 

o .> 
■5 
.c 
(D 
o a 

z> st: 

$ $ 
> .2 
z £ 

CORE DATA 

o o 

a c o 

# 

m 

a 
a 
tc 

REMARKS 

-   5  - 

Vegetative Cover, none, gravel surface (0.2' Clear-off 
to begin split barrel sampling) 
Topsoil; none, limestone gravel, 0.2' - 0.3' 
SILTY CLAY, 5 YR 4/4 - 5/3, reddish brown w/gray 
crushed limestone aggregate 

cuttings: Clay, some silt, 2.5 YR 4/4 - 4/6, reddish 
brown to red, trace of chert fragments, slightly moist, 
no odor 

SILTY CLAY, 2.5 YR 4/6, red, trace of chert and 
limestone gravel, no odor 

-  10 - 

-  15 - 

- 20 - 

cuttings: Clay, some silt, 2.5 YR to 5 YR 4/6, red to 
yellowish red w/few weathered chert fragments up to 
3/8" in size, trace of limestone gravel, no odor 

CLAY, some silt, 5 YR 4/6 - 5/8, yellowish red 
w/occasional 10 YR 6/8, yellowish brown mottling 
and trace of weathered chert fragments, no odor 

cuttings: Clay, some silt, 5 YR 4/6, yellowish red, 
trace of weathered chert fragments up to 112" in size, 
few 10 YR 7/6, yellow silt pockets, more silt content 
@ 14.0' to 15.0', no odor 

SILTY CLAY, 5 YR 4/6 - 5/8, yellowish red, mottled 
and streaked 10 YR 6/8, brownish yellow, trace of 
chert and iron oxide nodules, highly weathered 
limestone fragments, 5 YR 7/1 - 7/2, light pinkish 
gray, 16.5' to 17.0', faint sweet odor 

cuttings: Silty Clay, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, sweet organic odor, 19.0' to 20.0' 

SILTY CLAY, 5 YR 5/6 - 5/8, yellowish red, mottled 
w/10 YR 7/6, yellow silt inclusions, trace of 
weathered chert fragments up to 3/8" in size, 
glistening w/high plasticity and less silt content from 
21.5' to 22.0', sweet organic odor 

cuttings: Clay, 5 YR 5/6 - 5/8, yellowish red trace of 
weathered chert fragments, slightly moist, high 
plasticity, strong sweet odor 

7 
6 
4 
10 

4 
4 
6 
8 

3 
4 
6 
7 

4 
6 
10 
13 

5 
6 
8 
12 

10 

10 

10 

16 

14 

Boring Location: 
9' 225 degrees SW, of 
ITSB02 in vicinity of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 14.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02L 
BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/11/95 
Logged By: R. Sherrod/T. McGill, P.G. 

ta- 
ut 
Q 

- 30 

DESCRIPTION 

CLAY, some silt, 5 YR 5/8 - 6/8, yellowish red to 
reddish yellow, mottled 10 YR 7/6, yellow 
w/occasionsl silt inclusions, high plasticity, very 
strong sweet odor I 

- 35 - 

- 40 - 

SOIL DATA 
Blow Count 

<0 

o a 

9 
8 
8 
14 

in ~ 
3 a; 
_J n 

3 $ 
> .c 
Z £ 

16 

- 45 - 

CORE DATA 

o 
CJ 

09 
c 

# 

> o 
0 

a. 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

REMARKS 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.6' 
Cave in 2.4' 

Soil Boring grouted 
5-11 -95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1 ); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02M 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5   - 

Q. 
LU 
o 

10 - 

- 15 

- 20 

DESCRIPTION 

Vegetative Cover, none, gravel surface 
Topsoil; none, clayey gravel 0/2" to 3/4" in si; 
mixed w/crusher run), 0.0' - 1.0' 
GRAVELLY CLAY, 2.5 YR 5/4, reddish brown 
w/limestone fines, no odor 

cuttings: Silty Clay, 2.5 YR 5/4, reddish brown w/few 
gravel, 2.0" to 3.07 
Clay, some silt, 2.5 YR to 5 YR 4/6, red to yellowish 
red, trace of chert fragments, no odor 

CLAY, trace of silt, 2.5 YR 4/6 - 4/8, red, trace of 
weathered chert fragments, few limestone fines, no 

odor 

cuttings: Clay, some silt, 10 YR to 2.5 YR 4/6, deep 
red to red, trace of crushed limestone fines and 
weathered chert fragments up to 3/8" in size, no odor 

CLAY, little silt, 2.5 YR 3/6 - 4/6, dark red, trace 
mottling of 10 YR 7/6, yellow silt inclusions, high 

plasticity, no odor 

cuttings: Clay, some silt, 2.5 YR 3/6, dark red to 2.5 
YR 5/6, red @ 12.0' (hot auger cuttings), no odor 

SILTY CLAY, 2.5 YR 4/8, red to 5 YR 5/8, yellowish 
red w/10 YR 6/8, brownish yellow silt inclusions and 
highly weathered chert pockets throughout, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 5/8, red, 
mottled 10 YR 7/6, yellow, trace of weathered chert 
fragments, slightly moist, faint sweet odor 

SILTY CLAY, 2.5 YR to 5 YR 5/8, red to yellowish 
red, trace of weathered chert fragments, few 10 YR 
7/6, yellow silt inclusions, slightly moist, 20.0' to 
21.5'/ 
HIGHLY WEATHERED CHERT, little clay, faint sweet 

odor 

cuttings: Clay, some silt, 2.5 YR 5/8, red w/few 
weathered chert fragments, faint sweet odor 

1 

SOIL DATA 
Blow Count 

o .> 
■5 

CO 

7 
10 
6 
5 

20 
5 
6 
9 

10 
11 
15 
19 

4 
5 
6 
8 

3 
5 
7 

12 

LU — 
D a; 
_i « 

> £ 
Z £ 

11 

26 

11 

12 

CORE DATA 

o u 

is c o 

> 
o o 
CO 

EC 

a 
a 
0£ 

REMARKS 

Boring Location: 

16' 302 degrees WNW, of 
ITSB02 in vicinity of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Gravel fragments in 
spoonhead from 5.0' to 

5.5' 

Hard drilling from 7.5" to 
12.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02M 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

SOIL DATA CORE DATA 

en 

Blow Count 

•o s 
I 
r- 
OL 
UJ 
Q 

DESCRIPTION 
q> 

a. 
E 
a 

V) 

■5 

«0 

o a. 

N
-V

A
LU

E
 

(b
lo

w
s/

ft
! 

6 
o 
X 

c 
<s 
_l 

> 
> 
o 
o 
a> 

a 
a REMARKS 

CLAY, some silt, 5 YR 5/8, yellowish red w/highly % N 4 
weathered chert fragments @ 25.0' to 25.3', medium W 6 

. 

plasticity, slightly moist, slight sweet odor 1 " 10 " 
15 

16 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 

- 30 - auger removal 25.0' 
True plumb depth after 

- - auger removal 23.2' 
Cave in 1.8' 

Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 

- 35 - (Dixie Type 1); 
3 lb quick gel high yield 

■ - bentonite with 5.0 bags 
cement used 

- No water in boring @ time 

- 
of grouting 

- 40 - -     - - 

- 45 - -     - - 

- - - 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02N 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

- 10 - 

I 
t- 
Ill 
Q 

- 15 - 

- 20 - 

DESCRIPTION 

Vegetative Cover, sparse weeds over gravel surface 
Topsoil; none 
GRAVELLY CLAY, 2.5 YR 6/4 - 5/4, light reddish 
brown to reddish brown w/limestone fines, no odor 

cuttings: Silty Clay, 2.5 YR 5/4 - 4/6, reddish brown 
to red w/some crushed limestone aggregate, no odor 

"    5    H SILTY CLAY, 2.5 YR 4/6 - 5/8, red, mottled 10 YR 
6/8, brownish yellow, few weathered chert fragments, 
10 YR 7/6, yellow silt inclusions, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 5/8, red, trace 
of weathered chert fragments up to 1/2" in size, no 
odor 

CLAY, some silt, 2.5 YR 4/6 - 5/8, red, mottled 5 YR 
6/8, reddish yellow, trace of 10 YR 6/6, brownish 
yellow silt inclusions, oily sheen on surface of sample, 
no odor 

cuttings: Clay, some silt, 2.5 YR 5/6, red, trace of 
weathered chert fragments up to 3/8" in size, more 
silt content @ 14.0', slightly moist, no odor 

SILTY CLAY, 2.5 YR 5/6, red, mottled 5 YR 5/8, 
yellowish red w/10 YR 7/6, yellow silt inclusions 
throughout, highly weathered chert pockets from 
1 6.2' to 1 6.6', no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/few weathered chert fragments up to 
1 /2" in size, no odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, mottled and streaked 5 YR 8/2, pinkish 
white, occasional 10 YR 7/6 yellow silt inclusions, 
slightly moist, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8 - 5/6, red, trace 
• of highly weathered light gray limestone, slightly moist 

? 24.0' to 25.0', no odor 

I 

SOIL DATA 
Blow Count 

o .> 
■5 

to 

3 
4 
5 
5 

9 
11 
11 

5 
7 
7 
10 

3 t 
_i n 

> £ 
2 £ 

12 

20 

14 

CORE DATA 

w 
o o 

o> 
c 

* 

a > o o o 
DC 

o 
a REMARKS 

Boring Location: 
20' 338 degrees NNW, of 
ITSB02 in vicinity of Bldg. 
803-4 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Hard drilling from 11.0' to 
15.0' 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of  2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB02N 
BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q- 
UJ 
Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

£ 

tu ~ 
_J CO 

< s > ° 
z a 

CORE DATA 

o u 

OB 
c 
o 

£ 

> 
O o 
o 

cc 

REMARKS 

- 30 - 

■z 

CLAY, some silt, 2.5 YR 5/8, red, slightly moist 
w/sheen, 25.0" to 26.27 
CLAY, some silt, 2.5 YR 5/6, red to 5 YR 5/8, 
yellowish red, mottled and streaked w/occasional 10 
YR 7/6, yellow silt pockets, slight sweet odor 

etected @ bottom of sample 

1 

- 35 

- 40 - 

- 45 - 

End of Auger 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.6' 
Cave in 1.4' 

Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

No water in boring @ time 
of grouting 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 
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LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08A 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

-   5 

- 10 - 

H 
0- 
HI 
D 

- 15 

- 20 - 

DESCRIPTION 

Vegetative Cover, tall weeds and grass 
Topsoil w/roothairs; 0.0' - 0.3' 
SILTY CLAY, 5 YR 4/3 - 4/4, reddish brown 
w/glistening organic residue and wood fibers, strong 
sweet odor; no return from 0.9' to 2.0' due to piece 
of wood trapped in spoonhead 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of chert fragments, moist to wet, very strong sweet 
odor 

CLAY, 5 YR 4/4 - 4/6, reddish brown w/trace of 
weathered chert fragments, moist w/glistening sheen, 
strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red, trace 
of wood fibers and fragments, glistening, strong sweet 
odor 

CLAY, some silt, 2.5 YR 4/4 - 4/8, reddish brown to 
red, trace of wood fibers and weathered chert 
fragments, moist, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, moist to wet, sweet odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, wet from 15.0' to 16.0', highly 
weathered limestone pockets from 16.5' to 17.0', 
strong sweet odor 

cuttings: Silty Clay, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, few highly weathered chert fragments, 
moist, sweet odor 

SILTY CHERTY CLAY, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red w/highly weathered limestone pockets, 
few weathered chert fragments up to 1/8" in size, and 
occasional 10 YR 7/6, yellow silt inclusions; highly 
weathered chert zone @ 21.6' to 21.9'; slightly moist, 
slight sweet odor 

cuttings: Clay, some silt, 2. 5 YR 4/8, red, trace of 
weathered chert fragments, slightly moist to moist 
from 22.0' to 24.0', wet @ 24.5' w/sweet odor 

1 

SOIL DATA 
Blow Count 

_> 
■o 

_c 
CO 

o 
a. 

1 
2 
9 

11 

2 
3 
3 
5 

2 
4 
6 

4 
6 
7 
11 

<   i >   ° 

11 

10 

13 

CORE DATA 

s 
5 
O 

a 
c 

a > 
o u 
CD 

o o 
tr 

REMARKS 

Boring Location: 
15' 280 degrees W, of 
ITSB08 in vicinity of Bldg. 
AFR-2 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

End of nearly saturated 
soil @ approximately 
16.0' extending 
from gravel surface 

Firm soil @ 19.0' to 22.0" 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08A 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
H 
0. 
LU 
Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

CD 

UJ ~ 
D *: 
< 5 > °. 
St rO 

CORE DATA 

o o 

a 
c 

a > 
o o 
o 

a 
a 
tr 

REMARKS 

CLAY, 2.5 YR 4/6 - 4/8, red, trace of weathered chert 
fragments, wet, high plasticity, glistening w/sheen, 
strong sweet organic odor 

% 

- 30 - 

35 - 

- 40 

- 45 - 

End of Auger 
Advancement 25.0' 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

0.1' Water in boring 112 
hr after drilling (1430 hrs) 
0.5' Water measured in 
boring @ time of grouting 
(1700 hrs); 
suspect rain water 
infiltration from sides of 
borehole 

Soil Boring grouted 
5-12-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY. INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08B 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
I- 
Q. 
LU a 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
CO 
<a 
a 
E 
CO 

Blow Count 

■D 
S 
0 o 
.c 
as 
c 
CD 

—1 

> 
eg > 
o o 
CD 

cc 

a 
a 
cc 

CO > 
■5 

<o 
CD 
a 

N
-V

A
LU

E
 

(b
lo

w
s/

ft
) 

- 

Vegetative Cover, high weeds 
Topsoil w/trace of roothairs; 0.0' - 0.1' 
GRAVELLY SILTY CLAY, 2.5 YR 4/4 - 4/6, reddish 
brown w/some crushed limestone fines, no odor 

spoon refusal @ 1.2' on large gravel 

1 N 5 
50/2 50 + 

Boring Location: 

15'250 degrees WSW, of 
ITSB08 in vicinity of Bldg. 
AFR-2 
Split barrel sampler 
dimensions: 
2.0" O.D. 

-   5   - 

cuttings: Silty Clay, 7.5 YR 4/4, brown, few 
weathered chert fragments, slightly moist, some 
gravel, sweet odor 

SILTY CLAY, 2.5 YR 4/6 - 4/8, red w/few highly 
weathered chert fragments/ 
HIGHLY WEATHERED CHERT, 5 YR 7/3 - 8/2, pinkish 
white, 26.3' to 26.7, faint sweet odor 1 

N " 2 " 
3 

"   4   " 
4 

7 

1.5" I.D. 
24.0" Length 
Soft drilling from 2.0' to 
15.0' 

- 10 - 

cuttings: Silty, cherty clay, 2.5 YR 4/6 - 4/8, red, 7.0' 
to 9.07Clay, some silt, 2.5 YR 4/8, red, faint sweet 
odor 

CLAY, some silt, 2.5 YR 4/8, red/ 
SILTY CLAY, 2.5 YR to 5.0 YR 5/8, red to yellowish 
red w/occasional 10 YR 5/8, yellow silt inclusions, 
few highly weathered chert fragments and trace of 
weathered limestone fragments, moist, faint sweet 

odor 

1 N " 2~ 
2 

"   4   " 
7 

6 

- 

- 
cuttings: Silty Clay, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, trace of highly weathered chert, slightly 
moist, slight sweet odor 

- - 

- 15 - SILTY CLAY, 2.5 YR 4/8, red, mottled 5 YR 6/8, 
reddish yellow w/highly weathered chert and 5 YR 7/1 
- 8/1, light grayish white limestone and silt pockets, 
sweet odor from 16.0' to 17.0' 1 

N " 4 " 
7 

" 13 " 
20 

20 • 

- 20 - 

cuttings: Silty Cherty Clay, 2.5 YR to 5 YR 5/8, red to 
yellowish red, slightly moist, less silt and chert 
content @ 19.0', slight sweet odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red w/few weathered chert fragments and 
occasional 10 YR 7/6, yellow silt inclusion, slight 
sweet odor I N " 2 ~ 

4 
"   7   " 

7 
11 

- 

■ 
  

  
  

' 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, trace of weathered chert fragments up 
to 1 /4" in size, slightly moist, faint sweet odor 

- - 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08B 
6" HSA 
Powers, Hackworth 
5/12/95 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 
Logged By: R. Sherrod/T. McGill, P.G. 

X 
I- 
0- 
UJ 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

■a 

6 
to 
m 
a. 

-J 01 
< 5 
> o 
2 £ 

CORE DATA 

o 
u 

a c o 

a 
a 
cc 

REMARKS 

CLAY, some silt, 5 YR 4/4 - 4/6, reddish brown to 
yellowish red, high plasticity @ 25.0' to 27.0', slightly 
moist w/glistening sheen @ 26.0', faint sweet odor 1 

- 30 

- 35 - 

- 40 - 

- 45 

4 
4 
8 
10 

12 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.0' 
Cave in 2.0' 

Soil Boring grouted 
5-12-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1 ); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08C 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED:  5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

CL 
HI 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

-o 

CD 

III    ~ 

_l      0> 

>   .2 

CORE DATA 

£ 6 
u 

a c 

# 
Q 
o REMARKS 

-   5   - 

- 10 - 

-  15 - 

- 20 - 

Vegetative Cover, high grass 
Topsoil, clayey, 10 YR 5/4 - 4/3, yellowish brown to 
brown w/trace of roothairs, some crushed limestone 
aggregate; 0.0' - 1.0' 
No recovery from 1.0 to 2.0 due to loose gravel 

cuttings: Silty Clay, 5 YR 4/3 - 4/6, reddish brown 
w/few chert and limestone fragments, less silt content 
@ 4.0', no odor 

CLAY, some silt, 2.5 YR 4/6 - 4/8, red, trace of 
weathered chert fragments, slightly moist, faint sweet 
odor 

cuttings: Clay, some silt, 2.5 YR 4/6, red to 5 YR 5/6, 
yellowish red, few weathered chert fragments up to 
3/8" in size, slightly moist, sweet odor 

SILTY CLAY, 2.5 YR 5/6, red to 5 YR 5/8, yellowish 
red, mottled 10 YR 7/6, yellow w/occasional highly 
weathered chert pockets, moist, sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, few chert fragments up to 3/8" in size, 
slightly moist, sweet odor 

SILTY CLAY, 2.5 YR 4/8, red to 5 YR 5/8, yellowish 
red w/occasional highly weathered chert pockets, 
slightly moist to moist w/glistening appearance in 
some chert inclusions, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red w/few weathered chert fragments up to 
3/8" in size, slightly moist, strong to mild sweet odor 

SILTY CLAY, 5 YR 5/6, yellowish red w/10 YR 7/6, 
yellow silt mottling; pocket of weathered chert @ 
21.0' to 21.5', saturated w/moisture and free product; 
clayey portion of sample moist, glistening, very strong 
sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/6, 
yellowish red, moist, strong sweet odor 

2 
3 
3 
5 

4 
5 
6 
4 

12 

11 

Boring Location: 
8' 275 degrees W, of 
ITSB08 in vicinity of Bldg. 
AFR-2 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Soft drilling from 5.0' to 
25.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08C 

BORING TYPE:   6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

I 
K- 
Q. 
LU 
Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

tu ~ 

-i » 

> ° 
2 £ 

CORE DATA 

o 
u 

# 

> 
o 
Ü 
o 

EC 

O 
O REMARKS 

CLAY, some silt, 2.5 YR 4/8, red, wet, glistening, 
strong sweet odor, 25.0' to 25.77 
SILTY CLAY, 5 YR 4/4 - 4/6, reddish brown w/highly 
weathered subangular chert fragments up to 1/2" in 

"hsize, wet, glistening, strong sweet odor 1 

- 30 - 

- 35 - 

- 40 - 

- 45 - 

12 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 

Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.5' 
Cave in 1.5' 

Soil Boring grouted 
5-12-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08D 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

0. 
LU 
a 

DESCRIPTION 

SOIL DATA 

</) 

Blow Count 

-a 
£ 

10 

o 
a. 

LU S 
O it 
—I 01 

> ° 
z £. 

CORE DATA 

o u 
o 
c 
o 

>■ 

o > 
o o 
o 

DC 

Q 
o 
(C 

REMARKS 

-   5   - 

-  10 - 

- 15 - 

- 20 - 

Vegetative Cover, tall grass and weeds 
Topsoil w/grass, gravel and roothairs; 0.0' - 0.3' 
SILTY CLAY, 7.5 YR 4/4 - 5/4, brown, mottled, 7.5 
YR 6/2 - 7/2, pinkish gray w/crushed limestone 
aggregate, no odor 

cuttings: Silty Clay, 5 YR 4/4, reddish brown, few 
weathered chert fragments up to 112" in size, some 
limestone aggregate, no odor 

SILTY CLAY, 5 YR 4/4, reddish brown to 2.5 YR 4/6, 
red w/trace of weathered chert fragments, weathered 
chert pocket @ 60.' to 6.3', no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, trace of weathered chert fragments, 
slightly moist, no odor 

SILTY CHERTY CLAY, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, mottled 10 YR 7/6, yellow w/silt 
inclusions, highly weathered chert pocket @ 11.7' to 
12.0', sweet odor 

cuttings: Silty Clay, 2.5 YR 5/8, red changing to 5 YR 
5/8, yellowish red <g> 14.5', few weathered chert 
fragments, slightly moist, slight sweet odor 

SILTY CLAY, 5 YR 5/6 - 5/8, yellowish red, mottled 
10 YR 6/8, yellowish brown w/silt inclusions, few 
highly weathered chert pockets, trace of black iron 
oxide nodules, slight sweet odor 

cuttings: Silty Clay, 5 YR 5/6 - 5/8, yellowish red 
w/few weathered chert fragments up to 1/2" in size, 
sweet odor 

CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red w/trace 
of weathered chert fragments, slightly moist, sheen on 
surface of spoon sample, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, trace of weathered chert fragments, 
slightly moist, strong sweet odor 

5 
13 
17 
14 

30 

Boring Location: 

8' 135 degrees SE, of 
ITSB08 in vicinity of Bldg. 
AFR-2 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 5.0' to 
25.0' 

11 

12 

12 

12 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB08D 

6" HS A 
Powers, Hackworth 
5/12/95 

Logged By: R. Sherrod/T. McGill, P.G. 

0- 
LU 
Q 

DESCRIPTION 

SOIL DATA 
Blow Count 

o 
a. 

UJ s 
D it —I a 

> £ 

CORE DATA 

o 
u 

c 

Q 
O REMARKS 

- 30 - 

- 35 

- 40 - 

SILTY CLAY, 2.5 YR 4/8 - 5/6, red w/some chert and 
20 YR 7/6, yellow silt inclusions, slightly moist to 
moist w/sheen glistening in weathered chert 
inclusions, strong sweet odor 

5 
5 
5 
4 

10 

-  45 - 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 23.7' 
Cave in 1.3' 

Soil Boring grouted 
5-15-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.5 bags 
cement used 

No water encountered at 
time of grouting 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08E 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

0_ 
UJ 
Q 

DESCRIPTION 

SOIL DATA 

Blow Count 

UJ ~ 

_i o> 

3 $ 
> .2 
Z £ 

CORE DATA 

s 6 o 

a 
c 
o 

6 
>• 
o > 
o o 

o a REMARKS 

-   5  - 

- 10 - 

15 - 

- 20 - 

Vegetative Cover, high grass 
Topsoil w/roothairs; 0.0' - 0.2' 
CLAYEY GRAVEL, 5 YR 5/4, reddish brown, mottled 5 
YR 6/1, gray w/crushed limestone aggregate 

cuttings: Clay, some silt, 2.5 YR 4/6 - 4/8, red 
w/trace of weathered chert fragments, no odor 

CLAY, some silt, 2.5 YR 4/8, red w/trace of 
weathered chert fragments and few 5 YR 5/8, 
yellowish red silt inclusions, no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/trace of 
weathered chert fragments up to 3/8" in size, slightly 
moist, moister @ 9.0' to 10.0' w/noticable sweet 
odor 
CLAY, some silt, 2.5 YR 4/8 - 5/8, red, slightly moist, 
sheen surface, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red w/few highly 
weathered chert fragments, strong sweet odor 

CLAY, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red w/trace of highly weathered chert 
fragments, slightly moist, 15.0' to 16.07 
WEATHERED CHERT and SILTSTONE, 10 YR 7/3 - 
8/3, very pale brown, moist, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red, trace of 
weathered chert fragments up to 1/4" in size, slightly 
moist w/sheen, strong sweet odor 

CLAY, some silt, 2.5 YR 4/8 - 5/8, red w/occasional 
10 YR 7/6, yellow silt inclusions and trace of highly 
weathered chert, moist, strong sweet odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red, moist to 
wet, strong sweet odor 

I 

1 

I 

4 
8 
12 
6 

3 
5 
12 
15 

20 

Boring Location: 

17' 38 degrees NE, of 
ITSB08 in vicinity of Bldg. 
AFR-2 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 5.0' to 
18.0' 

13 

10 Loss of recovery from 
10.8' to 12.0' 

17 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB08E 
BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/12/95 
Logged By: R. Sherrod/T. McGill, P.G. 

LU 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

UJ    ~ 

_i    a 

>    ° 

CORE DATA 

o o 

a c 
99 

a 
a c 

REMARKS 

CLAY, 5 YR 5/6 - 5/8, yellowish red, moist to wet 
w/glistening sheen, 25.0' to 26.8V 
HIGHLY WEATHERED SANDSTONE, little clay, 5 YR 
6/3, light reddish brown, saturated, glistening, very 

Tlstrong sweet odor I 
30 - 

- 35 - 

- 40 - 

- 45 - 

3 
5 
5 
4 

10 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.0' 
Cave in 3.0' 

Soil Boring grouted 
5-15-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

No water encountered @ 
time of grouting 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



BORING LOGS - SITE 5 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSB27A 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

+rf 

SOIL DATA CORE DATA 
Blow Count x? 

*^- 
w ■D ? 

X DESCRIPTION 
o 
a. 
E 
(0 

•5 D   st _!     n 0 o 
> o a REMARKS 

LU 
Q 

(b 3     * >    o 
Z   =2 a 

c o 

> 
o 
o 
o 

EC 

a. 

a. _l 

Vegetative Cover, high weeds over gravel surface • N 3 Boring Location: 

SANDY SILT, 5 YR 6/1, gray w/limestone gravel, no 4 17' 320 degrees NW, of 

odor ■ 
"   3   " 

3 
7 SW corner of Bldg. 803-5 

Split barrel sampler 
dimensions: 
2.0" O.D. 

■ 

cuttings: Gravelly Clay, 2.5 YR 4/4, reddish 

1.5" I.D. 
24.0" Length 

brown/Clay, some silt, 2.5 YR 4/4, reddish brown 
w/gravel @ 3.0', saturated, no odor 

-   5   - SILTY CLAY, 7.5 YR 5/4, brown w/limestone                     ^ 'A N " 6 " 
™ 

■ 

fragments up to 1 1/2" in size, saturated, no odor             gj | 12 12 

Auger Refusal @ 6.1' 
End of Split barrel 
sampling 6.1' 
True plumb depth before 
auger removal 6.1' 
True plumb depth after 
auger removal 5.6' 
Cave-in 0.5' 

- 10 - 0.2' water encountered @ 
end of boring; suspect 
shallow perched 
condition above man-made 

■ '        " rock bed 

- - Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 

-  15 - water; 
1 (94 lb) bag cement 

- - (Dixie Type 1); 
3 lb quick gel high yield 

. . bentonite with 1.5 bags 

- - 
cement used 

- 20 - - - 

- - - 

■ - - 

- ■ 

- - 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of  1 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB27B 

6" HSA 
Powers, Hackworth 
5/16/95 

Arlington, Virginia Logged By: R. Sherrod/T. McGill, P.G. 

H- 

I 
r- DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
0} 

a 
E 
00 

Blow Count 

■o 
£ 5 o 

> a a ■5 
UJ    "Z 

_l      0) 
0. 
LU 
Q 

£ 
10 
w 
O a 

5  8 
>  ° 
z £ a c o 

> 
o 
o 
o 

tc 

Vegetative Cover, high grass over gravel surface (0.2' 
■"*." 

N 3 Boring Location: 

clear-off to begin split barrel sampling) -'..< 2 16* 278 degrees W, of 

Topsoil, 7.5 YR 5/4, brown, clayey w/few gravel and 
trace of roothairs; 0.2' - 0.6' 

'■'.«'. 

'   2  " 
2 

4 SW comer of Bldg. 803-5 
Split barrel sampler 

GRAVELLY SILTY CLAY, 5 YR 4/4 - 5/4, reddish 
brown w/crushed limestone fines, no odor 

dimensions: 
2.0" O.D. 

Loss of return from 1.0' to 2.0' due to loose gravel 

cuttings: Silty Clay, 5 YR 5/8, yellowish brown, moist. 

1.5" I.D. 
24.0" Length 

some chert fragments, 3.5' to 5.0', no odor 

-   5   - CLAYEY SILT, some sand, 7.5 YR 5/8, yellowish red. 1 i 
N " 4 " 

- 

- 
moist, 5.0' to 5.5'; wet w/color change to 10 YR 5/3 
- 6/4, brown w/chert fragments, slight sweet odor 1 

1 
"   1   " 

1 
2 

Saturated zone from 5.5' 
to 7.8" 

- 
cuttings: Clayey Silty, 10 YR 6/4, brown, saturated @ 

" 

7.0' to 7.87Silty Clay, 5 YR 5/8, yellowish red 
w/trace of chert, moist @ 8.0' to 10.0', slight sweet 

- 10 - odor 

1 N 2 ~ 
- 

CLAY, some silt, 2.5 YR to 5 YR 5/8, red to yellowish 4 
" red, trace of weathered chert fragments, slightly moist 

w/glistening inclusions and surface sheen, strong 1 "   6   " 
8 

10 

" sweet odor @ 11.5' to 12.0' 

. 
cuttings: Clay, some silt, 2.5 YR to 5 YR 5/8, red to 
yellowish red, trace of weathered chert fragments up 
to 3/8" in size, moist glistening, strong sweet odor 

-  15 - CLAY, some silt, 5 YR 5/8, red w/few chert 
fragments, moist/ i N ~ 6 " 

6 
" CLAYEY CHERT, 10 YR 8/2, pinkish white i " 15 " 21 

w/subangular fragments up to 1" in size, strong sweet 20 

odor 

cuttings: Silty Clay, 5 YR 4/6 - 5/8, yellowish red 
w/few subangular chert fragments up to 1 -112" in 
size, slightly moist, strong sweet odor 

- 20 - CLAY, some silt, 2.5 YR 4/6, red, trace of weathered 
chert, moist, 20.0' to 20.87 7s 

N ~ 2~ 
3 

" CLAYEY SILT, little sand, 5 YR 5/4, reddish brown. 1 "   7   ' 10 

- 
moist to wet, strong sweet odor 4 

- 

• 
cuttings: Silty Clay, 2.5 YR 4/8, red, mottled yellow. 

- * 

moist to wet, strong sweet organic odor 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING TYPE: 
DRILL CREW: 
DATE DRILLED: 

BORING NO. OTSB27B 

6" HSA 
Powers, Hackworth 
5/16/95 

Logged By: R. Sherrod/T. McGill, P.G. 

Q- 
LU 
D 

DESCRIPTION 

SOIL DATA 
Blow Count 

c 

o 
a. 

_i     01 

>   .2 

CORE DATA 

o o 

a c o 

a 
a 
0E 

REMARKS 

- 30 - 

- 35 - 

- 40 - 

SILTY CLAY, some sand, 5 YR 4/3 - 5/4, reddish 
brown, mottled 5 YR 5/6, yellowish red, weathered 
chert subangular fragments up to 3/4" in size, mostly 
from 26.0' to 27.0', strong sweet organic odor 

- 45 - 

2 
6 
10 
20 

16 

End of Auger 
Advancement 25.0' 
No water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0" 
True plumb depth after 
auger removal 20.8' 
Cave in 4.2' 

Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 4.5 bags 
cement used 

No water in boring ' 
of grouting 

' time 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



BORING LOGS - SITE 6 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

-   5   - 

LU 
a 

-  10 - 

- 15 - 

- 20 - 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

DESCRIPTION 

BORING NO. OTSBOOA 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Vegetative Cover, grass and weeds 

Topsoil, none 
SILTY CLAY, 2.5 YR 4/6 - 5/8, red w/sand, crushed 
,limestone fragments up to 1" in size; clayey limestone 

locket from 1.0' to 1.5' 

SOIL DATA 
Blow Count 

<o 
<D 
o. 

Ill ~ 
Z3 a; 
_J 0) 
< $ 
> J2 
z £ 

CORE DATA 

o o 

DO 
C 

£ 

> 
o 
o 
o 

CC 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

o o 
CC 

REMARKS 

Boring Location: 

5V 210 degrees SSW, of 

pole w/yellow base 
adjacent to 
west side of road, east of 

Bldg. 802-5 
Split barrel sampler 
dimensions: 

2.0" O.D. 
1.5" I.D. 
24.0" Length 

Auger Refusal @ 1.5' 

No Water Encountered 
End of Split barrel 
sampling 1.5' 

True plumb depth before 
auger removal 1.5' 
True plumb depth after 
auger removal 1.5' 
Cave in 0.0' 

Note: Auger refusal on 
limestone boulder greater 
than 6" in 
diameter; suspect 
man-made rip-rap 

Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 0.5 bags 
cement used 

Page  1   of  1 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSBOOB 

BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

»^ 

I 
r- 
Q. 
LU 
Q 

DESCRIPTION 

SOIL DATA CORE DATA 

REMARKS 
CO 
O 
Q. 
E 
CD 
w 

Blow Count 

-o 
£ 
5 
(J 
X 
a c 

_J 

> 
> 
0 
u 
es 

CE 

a 
a 
tc 

a .> 
■5 
.c 
<0 
a 
a. 

UJ    ~ 

-J    n 

3    S 
>   o 
z  £ 

- 

Vegetative Cover, high grass and weeds 
Topsoil w/roothairs; 0.0' to 0.1' 
CLAY, some silt, 2.5 YR 4/6 - 4/8, red, 0.1' to 0.87 
SILTY CLAY, 7.5 YR 4/4 - 4/6, brown, moist, 0.7' to 

1.57 
I N 2 

3 
"   3   " 

5 
6 

Boring Location: 

31'202 degrees SSW, of 
pole w/yellow base 
adjacent to west 
side of road east of 

T
 

1 
1 

1 
1 

 

CLAY, some silt, 7.5 YR 5/4 - 5/6, strong brown 
w/trace of weathered chert fragments, slightly moist, 
no odor 

cuttings: Clay, 2.5 YR 4/8, red to  7.5 YR strong 
brown, slightly moist, no odor 

CLAY, 7.5 YR 5/4 - 5/8, strong brown, mottled 2.5 
YR 4/4, reddish brown w/5 YR 7/1 - 7/2, light gray, 
highly weathered limestone inclusions, slightly moist, 
no odor I N " 2~ 

4 
"   5   " 

7 
9 

BIdg. 802-5 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

- 10 - 

cuttings: Clay, some silt, 2.5 YR 4/6, red to 5 YR 5/8, 
yellowish red w/10 YR 7/2, pinkish gray limestone, 
slightly moist, no odor 

CLAY, some silt, 5 YR to 7.5 YR 5/6, yellowish red to 
strong brown, mottled 10 YR 7/6, yellow w/silt 
inclusions, slightly moist and firm from 10.0' to 
10.7', changing to dry and stiff @ 11.0' w/more silt 
content, no odor 

1 N " 4~ 
5 

"   9   ' 
8 

14 

- 

- 
cuttings: Clay, some silt 5 YR 5/6 - 5/2, yellowish red, 
trace of weathered chert fragments, no odor - - 

- 15 - CLAY, some silt, 5 YR 5/6 - 5/8, yellowish red, few 
chert fragments up to 3/8" in size, few 10 YR 7/4 - 
7/8, yellow silt inclusions @ 16.0' to 16.5', slightly 
moist, no odor 1 N " 6~ 

9 
" 12 " 

17 
21 

Firm drilling from 15.5' to 
25.0' 

- cuttings: Silty Clay, 5 YR 5/8, yellowish red w/few 
chert fragments, (hot auger cuttings), no odor 

- - 

- 20 - CLAY, some silt, 5 YR 4/6 - 5/8, yellowish red, 
w/occasional 10 YR 7/6 yellow silt mottling @ 21.2' 
to 22.0', trace of weathered chert fragments 
throughout, slightly moist w/medium plasticity, no 

odor 
i N " 7 " 

9 
" 11 " 

13 
20 

- 

■ 

cuttings: Clay, some silt, 5 YR 4/6 - 5/8, yellowish red 
w/trace of weathered chert fragments, slightly moist 

(steam emitted from cuttings), no odor 

■ 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 1   of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSBOOB 
BORING TYPE:    6" HSA 
DRILL CREW:     Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
UJ 
Q 

DESCRIPTION 

SILTY CLAY, 5  YR 4/6 - 5/8, yellowish red w/slight 
surface sheen, slightly moist, dark brown oxidized 
inclusions @ 26.5' to 27.0', faint sweet organic odor 

SOIL DATA 
Blow Count 

(6 

3   sc 
_l      « 

>   .2 

CORE DATA 

o o 

a c 

> o o o 
ec 

Q 
a 
cc 

REMARKS 

- 30 - 

- 35 - 

- 40 - 

12 

- 45 - 

End of Auger 
Advancement 25.0' 
No Water Encountered 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 22.5' 
Cave in 2.5' 

Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
bentonite with 5.0 bags 
cement used 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page 2 of 2 



LOG OF BORING 
PROJECT: 

PROJECT NO. 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSBOOC 

BORING TYPE:   6" HS A 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

Q. 
LLI 
a 

DESCRIPTION 

SOIL DATA 
Blow Count 

■D 

10 

UJ ~ 
3 s; 
_i n 

> .2 
Z £. 

CORE DATA 

o u 

a c 

# 

a > o o 
9) 

a 
a REMARKS 

-   5  - 

- 10 - 

- 15 - 

- 20 - 

Vegetative Cover, high grass and weeds 
Topsoil, 7.5 YR 4/6 - 5/8, strong brown, clayey 
w/trace of roothairs; 0.0' - 0.2' 
CLAY, some silt, 2.5 YR 4/6 - 5/8, red, mottled 5 YR 
5/8, yellowish red w/trace of weathered chert 
fragments, slightly moist, no odor 

cuttings: Clay, some silt, 2.5 YR 4/6 - 5/8, red, trace 
of weathered chert fragments, slightly moist, no odor 

CLAY, some silt, 2.5 YR 4/6 - 5/8, red, to 5 YR 5/8, 
yellowish red w/trace of weathered chert fragments, 
weathered 2.5 YEAR 6/4, light reddish brown, slightly 
moist limestone pocket from 6.2' to 6.8', no odor 

cuttings: Clay, some silt, 2.5 YR 4/8, red to 5 YR 5/8, 
yellowish red, trace of weathered chert fragments, 
slightly moist, no odor 

CLAY, some sift, 5 YR 5/8 - 6/6, yellowish red w/10 
YR 4/8 - 5/6, bright red streaks and mottling, trace of 
chert and dark iron oxide nodules, no odor 

cuttings: Clay, some silt, 5 YR 4/6 - 5/8, yellowish red 
w/trace of weathered chert fragments, slightly moist, 
no odor 

SILTY CLAY, 5 YR 4/6 - 5/8, yellowish red, slightly 
moist, black charry residue and nodules embedded in 
clay from 16.2' to 16.8', faint sweet odor 

cuttings: Silty Clay, 5 YR 5/6 - 5/8, yellowish red, 
trace of weathered chert fragments, faint sweet odor 

SILTY CLAY, little sand, 5 YR 4/6 - 5/8, yellowish red, 
mottled 10 YR 6/8 brownish yellow w/silt inclusions, 
moist to wet w/voids from 20.0' to 20.8', moist 
w/few highly weathered chert inclusions from 21.0' to 
22.0', slight sweet odor 

cuttings: Silty Clay, 5 YR 5/6, yellowish red, trace of 
weathered chert fragments up to 3/8" in size, moist to 
wet, slight sweet odor 

I 

1 

2 
3 
3 
4 

7 
9 

11 

4 
6 
9 

12 

7 
10 
17 
20 

16 

15 

27 

12 

Boring Location: 
50' 192 degrees SSW, of 
pole w/yellow base 
adjacent to west side 
of road east of Bldg. 
802.5 
Split barrel sampler 
dimensions: 
2.0" O.D. 
1.5" I.D. 
24.0" Length 

Firm drilling from 5.0' to 
22.0' 

N = Standard Penetration, S = Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 
Page  1   of  2 



LOG OF BORING 
PROJECT: 

PROJECT NO.: 
CLIENT: 

VAAP Site 
Chattanooga, Tennessee 
95-4098 
TRW 
Arlington, Virginia 

BORING NO. OTSBOOC 

BORING TYPE:    6" HSA 
DRILL CREW:      Powers, Hackworth 
DATE DRILLED: 5/16/95 
Logged By: R. Sherrod/T. McGill, P.G. 

x 
a. DESCRIPTION 

SOIL DATA 
Blow Count 

-a 
c 

CO 

W ~ 
3 a: 
_l CO 

> J9 
Z £ 

CORE DATA 

o u 

a c 
CO 

> o o 
CO 

DC 

a 
a 
rr 

REMARKS 

CLAYEY SILT, little sand, 5 YR 4/6, yellowish red, 
changing color @ 26.5' to 10 YR 6/4, light yellowish 
brown w/5 YR 5/4, reddish brown streaks and 
mottling, moist to wet from 25.0' to 26.5', slightly 

' ynoist @ 26.5' to 27.0', faint sweet odor 

I 
1 

- 30 - 

- 35 - 

- 40 

45 

N = Standard Penetration, S Shelby, A = Auger 

GEOTEK ENGINEERING COMPANY, INC. 

End of Auger 
Advancement 25.0' 
End of Split barrel 
sampling 27.0' 
True plumb depth before 
auger removal 25.0' 
True plumb depth after 
auger removal 21.8' 
Cave in 3.2' 

Soil Boring grouted 
5-17-95 using standard 
mixing ratio of: 
approximately 6 gals, of 
water; 
1 (94 lb) bag cement 
(Dixie Type 1); 
3 lb quick gel high yield 
ben ton it e with 5.0 bags 
cement used 

Page 2 of 2 
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7»K NAIL 
ELEV. 730.22 

NOTE; 

1   ROADS AND BUILDINGS SHOWN HEREC 
FIELD LOCATED AND SHOWN ONLY TO 
REFERENCE INFORMATION AS TO THE 
THE MONITORING WELLS. 

Nnn™lMR   PASTING 
2MS3J.407C 
286361.90*0 
287068.1127 
2870S4.8M2 
287070.6032 
287089.8296 
2S7O62.0427 
257058.527« 
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NAIL 
tV. 735.76 NOTE; 

1. ROADS AND BUILDINGS SHOWN HEREON WERE NOT 
FIELD LOCATED AND SHOWN ONLY TO PROVIDE 
REFERENCE INFORMATION AS TO THE LOCATION OF 
THE MONITORING WELLS. 
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